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MINE   SIGNALLING. 

By  W.  F.  SMEETH.  ^  ^  cA4^0 

,       1^-7        EARTH 

I.'Eleotrio  Signalling.  v .  I        J      sciences 

LIBRARY 

In  my  Beporc  on  the  Inspection  of  Mines  in  Mysore 
for  the  year  1899, 1  drew  attention  to  the  fact  that  numerous 
serious  accidents  had  occurred,  and  were  likely  to  ocouv 
again,  which  were  largely  due  to  defective  methods  of 
signalling  in  shafts.  These  defects  were,  I  pointed  out, 
inherent  in  the  "  knocker-line  "  system  of  transmitting 
signals  usually  adopted. 

The  knocker-line  consists  of  a  wire  stretched  from 
top  to  bottom  of  the  shaft  and  connected  at  the  top  to  a 
hammer  which  strikes  a  bell  or  some  iron  plates.  At 
each  level  in  the  shaft  a  lever  is  attached  to  the  line  by 
means  of  which  it  can  be  moved,  thereby  causing  the 
hammer  to  strike  the  bell  at  surface.  A.  number  of  strokes 
of  the  bell  constitutes  a  signal  of  definite  import  according 
to  a  pre-arranged  code  and  the  level  from  which  the  signal 
is  given  can  be  indicated  by  a  number  of  strokes  equal  to 
the  number  of  the  level — one  for  the  first  level,  two  for 
the  second  level  and  so  on.  Apart  from  this  conventional 
signal,  there  is  no  means  by  which  the  lander  at  surface 
can  tell  from  which  level  in  the  shaft  any  signal  is  given 
and  any  person  can  give  any  signal  from  any  one  of  a 
dozen  or  more  levels  in  a  big  shaft.  This  constitutes  one 
of  the  grave  defects  of  the  system  and  has  been  a  fruitful 
source  of  accident.  For  instance,  when  the  skip  or  cage 
is  resting  at  a  certain  level  and  men  are  working  at  it  or 
entering  it,  some  one,  who  wants  the  skip  at  another  I&hqI^ 
may  signal  for  the  cage  to  be  raised  or  lowered  and  if  the 
signal  is  complied  with,  somebody  at  the  first  level  is 
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liable  to  be  injured.  Accidents  of  this  kind  have  fre- 
quently occurred  in  spite  of  rules  which  provide  for  signals 
to  indicate  the  various  levels  and  for  special  signals 
designed  to  keep  an  engaged  skip  stationary.  The  very 
cumbersomeness  of  these  signals  militates  against  their 
general  adoption  and  against  a  strict  adherence  to  them 
and  if  9  in  defiance  of  rules,  a  person  has  given  a  prohibited 
signal  from  some  level  other  than  that  at  which  the  skip 
is  halted  and  an  accident  results,  that  person  is  never 
to  be  found. 

Another  serious  defect,  though  less  so  than  the  former, 
of  the  knocker  line  is  its  unsuitability  for  the  transmission 
of  return  signals  from  surface  to  the  levels  below.  Such 
return  signals  would  not  only  tend  towards  greater  safety 
in  working,  especially  in  the  raising  and  lowering  of 
persons,  but  would  in  other  ways  prove  of  great  con- 
venience. 

With  these  defects  in  view,  to  say  nothing  of  the 
mechanical  difficulties  of  the  system,  I  suggested  to  the 
Kolar  Gold  Field  Mining  Board  that  some  general  im» 
provement  in  the  methods  of  signalling  might  be  con- 
sidered and  that  preferably  electrical  methods  might  be 
introduced  m  place  of  mechanical  ones.  The  Mining 
Board  considered  the  question  in  detail  with  the  advice  of 
their  Electrical  Engineers  and  decided  to  adopt  an 
Electrical  system  by  which, 

(a)  signals  could  be    received    and    identified 

from  each  level, 

(b)  it  should  be    impossible  for    unauthorised 

signals  to  be  given  from  any  level  with- 
out the  knowledge  of  the  lander  at  the 
surface, 
and  (c)    the  lander  should  be  able  to  transmit  return 

signals  to  each  level  independently. 
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There  was  considerable  difference  of  opinion  as  to 
whether  the  return  signals  mentioned  in  clause  (e)  should 
be  insisted  upon  in  all  cases  and  the  decision  finally 
arrived  at  was  that, — 

in  all  shafts  in  which  men  are  carried  return 
signals  to  each  level  should  be  provided, 
and  that, 

in  shafts  in  which  men  are  not  carried  return 
signals,  though  recommended,  need  not 
necessarily  be  provided,  the  conditions  laid 
down  in  clauses  (a)  and  {h)  being  deemed 
sufficient  in  such  cases. 

Under  these  conditions  the  systems  now  being 
adopted  and  which  I  am  about  to  describe  were  worked 
out  by  Mr.  Harold  Hincks,  Assoc.  M.  Inst.,  C.  E.,  Acting 
Chief  Engineer  of  the  Kolar  Gold  Field  Electricity 
Department,  to  whom  I  am  indebted  for  the  accompanying 
diagrams  (Plate  I,  Figs.  1,  2,  3)  and  for  some  notes  upon 
which  the  following  description  is  based  : — 


A.— SIMPLE   SYSTEM  FOB   SHAFTS  CABBYING    STUFF  OKLY. 


The  diagram  Fig.  1  shows  the  general  arrangement 
and  system  of  wiring.  At  the  shaft  top  is  the  Battery  from 
which  one  wire  (x)  passes  to  the  Bell  and  thence  to  the 
upper  terminals  of  the  Indicator.  The  other  wire  (y)  is 
led  continuously  down  the  shaft.  At  each  levels  the  wire 
(y)  is  connected  by  a  short  lead  (z^,  Zg,  Zg)  with  the 
lever  of  a  simple  key  and  the  circuit  continued  thence  by 
a  wire  (a,  b,  c,  &c. )  passing  up  from  the  level  to  the  lower 
terminal  of  the  Indicator, 


Signals  from  any  level — say  the  Irt— are  given  by 
pressing  the  key  at  that  level  which  completes  the  circoii 
ihzongh  x,  y,  and  a,  thereby  ringing  the  bell  and  caosing 
the  Indicator  shutter  (1)  to  drop.  Each  time  the  key  is 
pressed  the  bell  rings  and  the  number  of  rings  forms  the 
signal  according  to  a  prescribed  code.  When  the  signal 
is  given  from  the  1st  level  the  Indicator  shutter  (1)  drops 
and  when  given  from  the  2nd  level  the  shutter  (2)  drops 
and  so  on,  so  that  in  each  case  the  lander  sees  clearly  from 
which  level  the  signals  are  being  given.  As  the  lander 
knows  at  which  level  in  the  shaft  the  skip  is  halted, 
he  will  pay  no  attention  to  signals  from  any  of  the  other 
levels  and  nntil  he  receives  a  signal  from  the  level  at  which 
the  skip  is,  he  will  not  signal  the  Engine  Driver  to  move 
the  skip.  (I  shonld  mention  that  on  the  Eolar  Gold  Field 
signals  from  below  are  always  received  by  the  lander  at 
the  shaft  top  and  transmitted  by  him  to  the  Engine  Boom, 
no  signals  being  sent  direct  to  the  Engine  Driver  from 
below).  It  will  be  seen  that  by  this  simple  system  con- 
ditions (a)  and  (()  required  by  the  Mining  Board  are 
fulfilled  and  that  the  main  defect  of  the  Enocker-line 
which  I  have  referred  to  above  is  obviated. 


B. — 8Y8TBM  PBOVIDING  FOR  BBTURK  SIGNALS. 


This  is  illustrated  by  the  diagram  Fig.  2  and  com- 
prises the  former  simple  system  for  the  signals  from  be- 
low to  surface  together  with  a  separate  battery  for  work- 
ing the  bells  at  each  level  from  surface.  It  will  be  seen 
that  the  return  signals  require  only  a  single  additional 
wire  to  be  put  down  the  shaft,  viz,  the  wire  ;;.  The  signals 
from  below  are  given  precisely  as  in  the  simple  system,  the 
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Indicator  showing  from  which  level  the  signal  comes 
To  return  the  signal  to  the  same  level  the  lander  has  only 
to  depress  the  Morse-key  on  the  Indicator  circuit  of  that 
level.  For  instance  a  signal  from  the  2nd  level  will  lower 
the  Indicator  shutter  "  2".  To  return  this  signal  the 
lander  depresses  the  Morse-key  below  "  2  "  which  breaks 
the  ''direct "  circuit  and  completes  the  ''return''  circuit 
through  the  return  battery  and  the  wires  to,  b,  1c ^f  e, 
thereby  ringing  the  bell  at  the  2nd  level.  Thus  signals 
can  be  sent  from  each  level  to  the  lander  who  is  informed 
by  the  Indicator  from  which  level  the  signals  come  and 
the  lander  can  independently  send  down  any  signal  to  any 
level  which  he  wishes  to  communicate  with. 

The  system  is,  I  think,  a  very  good  one  and  is  pro- 
bably as  simple  as  can  be  devised  for  effecting  the 
interchanges  above  mentioned. 


C. — SIGNAliS  FROM  THB  SHAFT  TOP  TO  THB 

BNOIKR  BOOH 


On  the  Eolar  Gold  Field  no  signals  are  ponnitted  to 
be  sent  from  below  direct  to  th^  Engine  Bqonu  All 
signals  are  received  by  the  lander  at  the  shaft  top  and 
instructions  for  moving  the  cage  ox  skip  transmitted  by 
him  lio  the  Engine  Boom.  For  transmitting  these 
instructions  the  following  two  systems  of  signalling  are 
in  use: — 

1.  For  ordinary  cases  in  which  the  cage  or  skip  is 
worked  from  various  levels  in  a  shaft  a  system  similar  to 
the  simple  system  (Fig  1)  is  employed,  the  Indicator 
board  and  the  bell  being  in  the  Engine  Boom  and  the  keys 


being  arranged  in  a  row  at  the  shaft  top.    The  following 
signals  are  nsnally  employed  : — 

One  ring     ...  ...  Stop. 

Two  rings    •••  ...  Lower. 

Three  rings ...  ...  Hoist. 

Fonr  rings  ...  ...  Lower  slowly. 

Five  rings   ...  ...  Hoist  slowly. 

The  pnsh  on  which  a  signal  is  given  represents  the 
level  to  which  the  cage  is  to  be  moved.  Thns  2  rings  on 
the  Sth  pnsh  causes  the  Indicator  5  in  the  Engine  Boom 
to  drop  and  the  driver  knows  that  he  is  to  lower  the  cage 
to  the  Sth  level.  If  there  are  two  cages,  when  one  is  at 
any  level  the  other  will  be  between  levels  and  the  signal 
applies  only  to  the  cage  which  is  at  a  level. 

2.  In  some  cases  the  cage  may  be  required  to  stop 
only  at  one  level  below  ground — say  at  the  bottom  of  a 
vertical  shaft — and  the  Indicator  in  the  Engine  Boom, 
representing  the  various  levels,  will  not  then  be  necessary. 
In  such  cases  the  Indicator  may  still  be  retained  and  used 
to  show  the  Engine  Driver  the  signals  from  the  shaft  top 
in  addition  to  the  audible  signal  given  by  a  number  of 
strokes  of  the  bell.  This  arrangement  is  represented  in 
Fig.  3.  The  signal  "  one — to  stop "  is  always  given  on 
the  first  push  and  lowers  the  shutter  "  1 "  of  the  Indi- 
cator. The  signal  "two**  is  always  given  on  the  second 
push  and  lowers  the  shutter  "  2  "  and  so  on.  The  Engine 
Driver  has  thus  an  opportunity  of  both  hearing  and  seeing 
the  signal  sent  to  him  and  the  arrangement  is  said  to  be 
useful  in  noisy  situations. 

In  these  arrangements  the  bells  which  have  been 
provided  are   "single  stroke"  and  it  is  very  doubtful 


whether  a  signal  composed  of  single  strokes  will  prove 
reliable  in  a  noisy  Engine  Boom  as  the  driver  may  fail  to 
hear  some  of  the  strokes  and  may  misonderstand  the 
signal.  This  danger  is  obviated  by  the  2nd  arrangement 
above  describedi  but  this  latter  has  only  a  limited  appli- 
cability and  I  think  ic  will  probably  be  found  advisable 
to  use  a  trembling  bell  in  the  Engine  lioom  instead  of  a 
single  stroke  bell.  On  one  mine  (Ooregum)  the  bell  in 
the  Engine  Koom  is  used  merely  as  an  alarm  to  attract 
attention  and  the  signals  are  given  by  the  lander  to  the 
driver  through  a  speaking  tube  and  this  may  be  found  to 
work  satisfactorily.  I  would  suggest  also  that  a  com- 
bination of  the  systems  (1)  and  (2)  already  described 
might  be  found  advantageous  for  general  work,  especially 
if  a  trembling  bell  is  used.  System  (2)  would  be  used 
for  the  signals  to  stop,  raise,  or  lower,  each  signal  being 
given  on  its  special  push  after  which  the  same  signal 
on  any  push  would  denote  the  level  corresponding  to  that 
posh  or  vice  versa.  Thus  4  bells  on  the  4th  push  would 
mean  lower  slowly  and  then  4  bells  (the  same  signal 
repeated)  on  the  7th  push  would  mean  ''  to  the  7th  level/' 

The  driver  could  thus  both  hear  and  see  the  signal 
for  stopping  or  running  the  cage  as  well  as  that  indicating 
the  required  level.  The  reason  why  I  suggest  repeating 
the  moving  signal  on  the  push  which  indicates  the  level 
instead  of  simply  one  ring  on  that  push  is  to  avoid  any 
confusion  with  the  signal  "  one — to  stop  "given  on  the 
l8t  push.  If  one  ring  was  always  used  to  denote  a  level 
then  *'  one  "  on  the  hrst  push  would  mean  also  1st  level, 
whereas  it  should  be  reserved  solely  for  the  signal  "  to 
stop"  and  should  be  capable  of  being  given  at  any 
moment  and  as  a  countermanding  signal  to  any  other. 


s 


D.— AFPABATU8. 


Taken  as  8  whole  the  sjrtezDS  of  signalliiig  described 
abore  a|»pear  to  me  lo  a£tord  very  complete  and  efEective 
means  of  oommtmication  in  shafts  and  in  particular  to 
proTide  those  safeguards  which  I  have  previonsly  referred 
to  as  being  very  necessary. 

I  may  now  add  a  few  words  about  the  apparatus 
which  is  being  put  into  the  shafts  of  the  Kolar  Grold 
Field  for  working  these  signals. 

Sufficient  apparatus  for  40  shafts  with  an  average  of 
10  levels  per  shaft  has  been  |«ovided  and  already  15  of 
the  principal  shafts  have  been  fitted  with  the  return 
signalliog  system. 

The  conducting  wire  consists  of  70  miles  of  3/22  8. 
W.  G.  tinned  hard  drawn  copper  wire,  insulated  to  No.  9 
8.  W.  G.  with  vulcanised  rubber,  taped,  braided  and 
compounded  and  then  armoured  overall  with  strong 
galvanized  iron  wire.  The  complete  wire  is  capable  of 
sustaining  its  own  weight  without  injury  for  a  length  of 
2,000  feet.  All  bells,  indicators  and  pushes  or  keys  are 
enclosed  in  strong  iron  cases  which  have  been  specially 
made  and  are,  as  far  as  possible,  water  and  gas  proof. 

All  the  bells  which  have  been  provided  are  single 
stroke  bells. 

Each  battery  consists  of  8  No.  1  Leclanche  cells 
fitted  in  strong  teakwood  boxes  with  wooden  partitions. 

The  wires  taken  dowzi  the  shaft  are  passed  through 
holes  in  wooden  blocks  which  are  fixed  on  every  second 


9 

"  set."  The  long  wires  shown  in  the  diagrams  as  ronning 
continaonsly  down  the  shaft  are,  in  practice,  taken  in 
to  each  level  for  some  distance  and  there  bent  back  and 
carried  out  again  and  down  to  the  next  level.  At  the 
bend  inside  the  level  the  insulation  is  removed  and  coxi- 
nection  made  to  the  key  or  bell  and  the  junctions 
reinsulated. 

It  may  be  noted  that  in  some  previous  electrical  work 
in  some  of  the  shafts,  lead  covered  wires  were  employed 
and  it  was  found  that  in  comparatively  few  months  the 
lead  covering  was  corroded  and  the  insulation  damaged 
or  destroyed ;  hence  the  adoption  of  the  complex  wire 
mentioned  above. 

So  far  as  I  am  able  to  judge,    all    the   apparatus 
which  is  being  put  in  for  the  purpose  of  these  signals  is 
of  first  class  material  and  workmanship  and  is  correspond- 
ingly costly.     Such  initial  cost  is  of  course  Ukely  to  save 
expense  in  the  long  run  and  provided  that  the  system 
adopted  works  wiih  few  breaks-down  and  with  a  small 
bill  for  renewals  and  repairs  the  total  expenditure  incurred 
can  hardly  be  of  any  moment  compared  with  the  cost  of 
fiinking    and  maintaining  the  shaft  itself.     To  equip  a 
mine  which  has    several  working  shafts   with  electrical 
signalling  apparatus  of  the  best  design  and  workmanship, 
will  probably  cost  several  hundreds  of  pounds  and  if  the 
mine  is  not  in  a  flourishing  condition  the  provision  of 
such  a  sum  for  this  purpose   may    be  objected  to.    To 
meet  such  cases  certain  proposals  which  I  shall  mckke 
below  for  modifying  the  knocker  line  system  may  be  found 
worthy  of  consideration. 


j»*' 
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E. — OTHEB    SYSTEMS. 


I  now  pass  on  to  a  few  more  remarks  about  electrical 
signals. 

In  Fig.  4  (Plate  1)  is  shown  a  scheme  which  I  have 
devised  for  return  signalhng  which  is  somewhat  simpler 
than  that  shown  in  Fig.  2,  but  without  some  of  the 
advantages  of  the  latter. 

The  numbering  and  arrangement  of  the  wires  are  the 
same  as  in  the  *'  Simple  system"  (Fig.  1).  In  addition  a 
single  stroke  bell  is  placed  on  the  circuit  to  each  level 
and  each  circuit  can  be  broken  at  surface  by  a  key  or  push 
beneath  the  indicator.  If  the  surface  bell  is  single  stroke 
it  may  be  placed  on  the  main  circuit.  The  signals  are 
given  in  the  following  way  : — When  the  key  at  any  level 
is  depressed  the  bell  at  that  level  and  the  surface  bell  each 
give  one  stroke  and  the  indicator  for  that  level  falls 
just  as  in  Fig.  1.  The  man  at  the  level  hears  on  his  own 
bell  the  signals  sent  to  surface  and  knows  that  the  circuit 
is  working.  To  obtain  a  recurn  signal  he  holds  the  key 
down  at  the  last  stroke  of  the  signal  which  he  has  given 
and  the  lander  at  surface  by  depressing  the  key  beneath 
the  indicator  breaks  the  circuit.  Each  time  the  lander 
depresses  and  releases  this  key  the  circuit  is  broken  and 
made  again  and  the  bell  at  surface  as  well  as  the  bell  at 
the  level  each  ring  one.  The  signal  is  thus  returned  to 
the  level  from  which  the  call  came  after  which  the  man  at 
the  level  releases  his  key. 

If  it  is  desirable  to  have  a  trembling  bell  at  surface 
80  as  to  better  attract  the  lander's  attention,  it  will  be 
necessary  to  put  this  bell  on  a  branch  circuit  as  shown  in 
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Pi^.  4  or  better  still  to  have  it  worked  by  a  relay.  The 
scheme  has  the  disadvantage  that  it  does  not  permit  of 
*he  lander  giving  a  signal  to  any  level  except  in  reply  to 
a  signal  from  that  level  and  is  consequently  much  less 
complete  than  the  somewhat  more  complex  system  shown 
in  Fig.  % 

Fig.  5  shows  a  system  which  was  in  use  on  one  of  the 
mines  on  the  Kolar  Field,  bnt  which  cannot  be  recom- 
mended owing  to  certain  defects  to  which  it  may  be  useful 
to  call  attention. 

A  signal  from  below— say  the  1st  level — is  given  by 
connecting  a  to  the  battery  at  the  level  when  the  current 
passes  through  a — x — the  surface  bell — and  the  first  indi- 
cator. The  return  signal  is  given  by  depressing  the 
Morse-key  beneath  the  indicator,  thus  connecting  the 
surface  battery  with  the  circuit  a,  y,  ^,  Tt^  ^^  which  the 
bell  at  the  first  level  is  placed. 

The  disadvantages  of  this  system  are — firstly, 

the  necessity  for  having  a  battery  at  each  level  which 
not  only  involves  the  use  of  a  large  number  of  cells,  but 
also  the  placing  of  these  cells  below  ground,  which  in  many 
mines  is  undesirable  for  efficiency  and  good  work; 
and — secondly, 

the  fact  that  the  circuits  are  not  independent  so  that 
more  than  one  bell  is  rung  when  a  key  is  depressed.  For 
instance,  if  the  key  at  the  first  level  is  depressed,  not  only 
does  the  current  pass  through  ^and  a,  but  some  goes  down 
through  h^,  and  6,  thereby  ringing  the  bell  at  the  2nd  level 
and  dropping  the  2nd  indicator  and  so  on  down  the  levels 
until  it  is  too  weak  to  produce  a  signal.  Similarly  when 
the  Morse-key  below  the  first  indicator  is  depressed  in 
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ctimc  to  send  a  mffiti  to  the  Ist  level  tlie  current 
not  only  through  a,  Jc^ ,  t,  y,  but  a  current  also  ^oes  dc 
s  below  the  first  level,  through  ^2*  ^*  indicator  (2)  an^ 
the  surface  bell  as  well  as  branch  currents  through  tl 
other  indicators  and  bells.    The  system  was,  I  belie' 
made   to  work  by  removing  the  surface  bell  and  pnttii 
in  a  high  resistance  bell  just  above  each  indicator  whi( 
arrangement    would    tend   to    diminish  the  evil  eff< 
without  of  course  removing  the  defects  of  the  system. 

An  ingenious  scheme  in  connection  with  elec 
signals  has  been  suggested  to  me  by  Mr.  J.  D.  Oosen 
Chief  Engineer  of  the  Tank  Mine,  and  is  diagrammatical 
represented  in  Fig.  6.  The  idea  is  to  introduce 
arrangement  in  connection  with  electric  signals  whid 
will  permit  of  a  signal  being  sent  up  from  the  level 
which  the  cage  is  situated,  or  from  any  level  when  t 
cage  is  within  any  given  distance  above  or  below  th 
level,  and  at  the  same  time  prevent  signals  from  bei 
sent  from  any  other  level  in  the  shaft.  The  arrangeme 
proposed  is  to  have  a  screw  spindle  (S.  Fig.  6)  coupl 
direct  to  the  gudgeon  of  the  pit  head  pulley.  Travelli 
on  this  screw  is  a  nut  which  is  electrically  connect 
with  the  surface  bell  by  a  sliding  contact  or  otherwis 
The  nut  also  makes  contacts  with  a  series  of  copper  ba 
a,  b,  c,  &c.,  and  is  at  the  middle  of  each  bar  when  th 
cage  is  at  the  1st,  2nd,  3rd,  &c.,  level  The  length  of  th 
bars  ff,  b,  e,  determines  how  far  above  or  below  any  lev 
the  cage  can  travel  without  electrical  communication  wit 
that  level  being  interrupted.  Fig  6  shows  a  retu 
signalling  system  with  the  above  arrangement  addedJ 
When  the  cage  is  at  the  1st  level  k  is  in  contact  with 
a  and  the  surface  bell  can  be  rung  from  the  first  level  and 
from  no  other  level.    Indicators  though  shown  in  the 
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sketch  are  not  necessary  as  the  lander  knows  at  which 
level  the  cage  is  halted  and  he  also  knows  that  any  signal 
received  must  come  from  that  level.  If  two  cages  are  in 
nse  there  mnst  be  a  screw  and  series  of  contacts  for  each 
of  the  pit  head  pnlleys,  so  that  a  signal  maybe  sent  inde- 
pendently from  whichever  leveF  either  cage  may  be  at. 
In  order  that  the  lander  may  be  able  to  distinguish  to 
which  cage  any  signal  refers  there  should  be  either  two 
surface  bells  or  an  indicator  should  be  provided  for  each 
level  as  shown  in  the  sketch. 


I  mention  this  scheme  as^  it  iff  mechanically  interest- 
ing and  might  lead  to  other  developments,  but  I  doubt  if 
it  ia  likely  to  be  introduced  in  the  case  of  shafts  provided 
with  a  complete  set  of  return  signals,  such  as  that  shown 
in  Fig:  2»  for  the  sake  of  preventing  signals  from  being 
sent  from  any  level  unless  the  cage  i»  near  that  level.  It 
might  be  found  useful  for  a  shaft  provided  with  simple 
(not  return)  signals  and  not  provided  with  indicators. 
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II^Bome  modifloationa  of  the  Knooker-line. 

When  I  saggested  eome  two  years  ago  that  electrical 
signalling  should  he  introduced  in  the  mines  of  the  Kolar 
Gold  Field  in  place  of  the  knocker-line  commonly  in  use, 
I  did  so  because  of  the  obvious  disadvantages  of  the  latter 
and  because  of  the  ease  by  which  these  disadvantages 
could  be  overcome  by  the  adoption  of  electrical  methods. 

The  introduction  of  the  electrical  methods  has  taken 
a  long  time  and  is  yet  far  from  complete  and  as  I  have 
already  pointed  out  a  good  installation  costs  a  great  deal 
of  money.  Some  time  ago  it  occured  to  me  to  enquire 
whether  it  would  not  be  possible  to  remove  the  essential 
disadvantages  of  the  knocker-line  by  some  simple  and 
inexpensive  modifications  and  I  have  worked  out  certain 
schemes  which  I  think  are  worthwhile  trying  and  which 
I  mean  to  test  experimentally.  On  papers  these  schemes 
appear  to  be  all  right,  hut  there  are  certain  mechanical 
conditions  which  require  to  be  satisfied  if  the  schemes  are 
to  prove  satisfactory. 

The  first  problem  was  to  remove  the  most  serious 
defect  of  the  ordinary  knocker-line,  viz.,  the  fact  that  a 
signal  can  be  given  from  any  Ipvel  in  the  shaft,  whether 
the  cage  is  there  or  not,  without  the  lander  knowing 
where  the  signal  comes  from,  the  result  being  that  the 
cage  may  be  moved  although  the  men  who  are  with  it 
require  it  to  be  kept  stationary.  With  an  electrical 
system  it  is  possible  and  easy  to  make  the  signal  itself 
indicate  the  level  from  which  it  is  given,  but  with  the 
knocker-line  this  is  neither  easy  nor  convenient  to  arrange. 
It  is  however  quite  easy  to  prevent  a  signal  from  being 
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given  from  any  level  except  that  at  which  the  cage  is 
engaged  in  the  following  manner : — 

In  place  of  the  usual  hammer  which  is  worked  up 
and  down  by  the  knocker-line  and  which  strikes  a  bell  or 
some  iron  plates,  the  end  of  the  line  at  the  shaft  top  is 
connected  with  a  lever  a  (see  Fig.  1,  Plate  II)  with  a 
counter-balancing  weight  W,  or  a  spring,  at  its  end  and 
kept  from  moving  too  far  in  one  direction  by  a  stop  s. 
When  the  line  is  pulled  a  depresses  a  smaller  lever  h 
which  raises  the  hammer  h  until  a  disengages  from  h 
(Fig.  3)  when  the  hammer  falls  on  to  the  bell.  As  the 
line  is  released  a  trips  up  h  (Fig.  2)  and  passes  it,  h  being 
pulled  back  into  its  original  position  by  a  spring  attached 
to  k  which  is  rigidly  connected  with  h.  Each  time  there- 
fore that  the  lever  (Z^,  ^2  •  •  )  ^^  ^^y  level  is  depressed 
the  bell  is  struck. 

Suppose  now  that  the  cage  or  skip  is  coming  down 
to  the  2nd  level  and  is  required  by  the  men  there  to 
remain  stationary  for  some  time.  The  signal  man  by 
means  of  the  lever  l^  gives  any  signal  necessary  to  adjust 
the  cage  finishing  with  "  one  ring — to  stop  "  and  then 
instead  of  releasing  th«  lever  he  fixes  it  down '  to  a  hook 
or  other  catch  as  shown  in  Fig.  3.  The  lever  a  is  now 
altogether  below  b  and  it  is  obvious  that  no  one  in  the 
shaft  can  give  any  signal  except  the  man  at  the  2nd  level. 
The  cage  can  therefore  be  kept  at  that  level  so  long  as  it 
is  wanted  after  which  the  lever  must  be  released  and  the 
cage  rung  away. 

There  is  one  further  advantage  in  this  arrangement 
which  is  that  the  lander  can  see  when  the  lever  has  been 
put  into  safety  positions  and  if  after  the  cage  has  been 
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halted  at  some  level  the  lever  is  not  pat  to  safety  the 
lander  can  call  a  witness  to  see  that  snch  is  the  case  and 
if  subsequently  an  accident  occors  owing  to  a  signal 
being  given  from  some  level  other  than  that  at  which  the 
cage  is  halted  the  Uame  can  foe  definitely  fixed  upon  the 
man  who  failed  to  fix  down  the  lever  at  the  level  where 
the  cage  was  engaged. 

Such  an  arrangement  is  simple^  inexpensive  and 
presents  no  mechanical  difficulty  and  provides  tor  all  that 
is  usually  efbcted  by  the  ordinary  knoker-Une. 

It  is  however  possible  to  go  much  further  than  this. 
In  the  first  place  return  signals  might  be  arranged  for  by 
making  the  line  much  lighter  than  usual  and  counter- 
balancing at  each  level.    The  lever  at  each  level  might 
be  arranged  as  in  Fig.  4  with  a  fulcrum  at  b\  and   a 
weight  Wi  to  balance  the  weight  of  the  line   between 
that  level  and  the  next  and  the  lander  could,  by  pulling 
down  his  lever  sutfioiently,  move  the  lever  li  until  the 
end  a,  engages  with  the  trigger  of  a  bell  B^.     The  lander 
might  even  be  able  to  ring  B^  when  l^  was  fixed  down  in 
the  safety  position,  lor  which  it  would  only  be  necessary 
that  the  safety  catch,  instead  of  being  a  hook  as  shown  in 
Fig.  3,  should  be  a  catch  preventing  l^  from  being  raised 
but  permitting  it  to  be  lowered  or  the  other  end  of  it 
raised  until  a^  engages  the  hell  trigger.    Of  course  when- 
ever B^  was  struck  a  similar  bell  would  be  struck  at 
every  other  level  and  also  the  end  of  the  surface  lever 
would  strike  a  bell  B'   for  the  lander's  benefit.    Thus 
whether  the  lever  at  any  level  was  held  down  by  the 
safety  catch  or  not  the  lander  could  receive  a  signal  from 
any  level  on  B'  and  could  return  a  signal  which  would  be 
heard  at  that  level ;  on  the  other  hand  the  lander  could 
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ring  any  interrogating  or  alarm  signal  down  to  all  the 
levels  in  the  shaft.  All  signals  for  moving  the  cage 
woald  still  have  to  be  nmg  on  the  main  bell  B  so  that  the 
inamobility  of  the  cage  at  any  level  where  it  is  engaged 
can  still  be  secared  by  putting  the  lever  at  that  level 
nnder  the  safety  catch. 

I  have  considered  this  point  at  some  length,  not 
because  I  intend  to  recommend  the  arrangement  described 
for  return  signals,  but  just  to  show  what  might  be 
possible  with  a  simple  line  working  bells  by  means  of 
triggers.  Mechanically  the  arrangement  of  a  lot  of 
counterbalancing  weights  actuated  by  a  single  line  does 
not  commend  itself  to  me;  it  would  require  constant 
adjustment  and  in  inclined  shafts  the  sag  of  the  rope 
would  constitute  a  serious,  if  not  prohibitive,  defect.  I 
therefore  pass  on  to  describe  an  arrangement  which  with 
materials  of  little  weight  and  easily  worked  is  far  more 
rigid  and  capable  of  being  easily  kept  in  adjustment. 

In  this  arrangement  instead  of  one  wire  down  the 
shaft  there  are  two  wires  attached  to  the  ends  of  levers 
situated  at  each  level.  At  the  surface  (see  Fig.  5)  is  a 
levQr  I  pivoted  at  its  middle  and  held  up  against  a  stop  by 
a  spiral  spring  (or  balance  weight) .  From  the  ends  of  I 
two  light  wires  run  down  the  shaft  to  a  parallel  lever  l^ 
at  the  first  level  and  from  this  tw'o  more  wires  run  down 
to  a  lever  Zg  at  the  second  level  and  so  on  down  the  shaft. 
Each  wire  can  be  tightened  by  a  suitable  straining  screw 
so  that  all  the  wires  are  taut  and  all  the  levers  parallel  ; 
the  movements  of  any  one  level  will  then  be  followed 
very  closely  by  all  the  other  levers.  By  using  light  wires 
it  will  probably  be  found  possible  to  stretch  them  suffici- 
ently tightly  from  level  to  level  to  avoid  any  objectionable 
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sag)  even  in  inclined  shafts,  as  well  as  to  do  away  with 
any  rollers  which  not  only  caase  friction  but  wear  away 
the  protective  covering  of  the  wires. 

A  bell  B  actuated  through  a  trigger  by  the  end  of  the 
lever  I  can  be  rung  by  moving  any  lever  to  the  horizontal 
position  and  as  before  any  lever  can  be  kept  down  in  the 
horizontal  position  by  a  stop  t^... thereby  preventing  a 
signal  from  being  given  from  any  other  level  (Fig,  6). 

While  any  lever  Z^  is  in  the  horizontal  position  a 
signal  can  be  sent  to  surface  from  any  level  by  depressing 
the  lever  at  that  level  far  enough  to  ring  a  second  bell  B* 
and  the  lander  can  reply  by  depressing  his  lever  still 
further  to  a  third  position  which  causes  all  the  bells  B^, 
B2,  ifec,  at  the  various  levels  to  ring,  these  bells  being 
actuated  by  short  levers  m^,  mj,  &c.,  attached  to  the 
levers  at  each  level.  A  guard  may  be  placed  near  the 
lever  at  each  level  so  that  the  signaller  can  only  depress 
the  lever  sufficiently  to  ring  the  lander's  bell  B*  but  so 
that  the  lander  can  depress  it  still  further  and  ring  B^, 
B2»  &c.  and  thus  whenever  one  of  these  bells  is  rung  the 
man  below  knows  that  it  is  a  signal  from  surface. 

The  particular  arrangements  adopted  in  any  given 
case  will  depend  on  the  system  of  signals  in  vogue  and  on 
the  purposes  for  which  signals  are  required  and  I  merely 
mention  the  above  cases  as  illustrations  of  the  sort  of  use 
to  which  the  apparatus  can  be  put.  The  success  of  the 
scheme,  depends  on  the  levers  being  kept  in  fairly  parallel 
adjustment,  but  for  such  a  simple  scheme,  involving 
only  three  important  positions  of  the  levers,  a  consider- 
able amount  of  latitude  or  play  is  permissible.  It  appears 
to  me  however  that  with  a  moderate  amount  of  attention 
the  error  of  adjustment  is  capable  of  being  kept  within 
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such  close  limits  that,  within  the  arc  through  which  it  is 
practicable  to  move  the  lever,  a  considerable  number  of 
positions  of  any  one  lever  can  be  faithfully  recorded  by 
all  the  others  and  assuming  that  such  is  the  case  I 
propose  to  show  how  further  advantage  may  be  taken 
of  it. 

Suppose  that  the  levers  can  be  conveniently  moved 
through  an  arc  of  90^  and  that  Fig.  7  represents  the 
arrangement  when  the  cage  is  at  the  first  level  and  l^  has 
been  caught  underneath  the  stop  s^,  that  is  to  say,  in  the 
safety  position.  The  lever  Z^  is  extended  into  an  arm  or 
pointer  of  convenient  length  which  traverses  an  arc  on 
which  are  a  series  of  numbers  representing  the  various 
levels  as  well  as  a  series  of  instructions  or  signals,  the 
whole  arrangement  forming  an  indicator  which  is  identi- 
cally repeated  at  each  level  and  at  surface. 

The  point  being  under  the  stop  ff^  points  to  the 
signal  "  cage  engaged  "  on  all  the  indicators.  When  the 
cage  is  done  with  at  the  first  level  the  man  in  charge 
releases  s-^  and  having  raised  the  pointer  to  o  rings  the 
cage  away  on  the  signal  bell  B, 

A^ain  let  ns  suppose  the  lever  at  a  certain  level  held 
down  imder  the  safety  catch  a^  and  that  it  is  required  to 
change  levels.  The  cage  man  attracts  the  attention  of 
the  lander  by  putting  the  pointer  down  to  "enquiry  bell " 
which  causes  a  hammer  on  the  surface  lever  to  strike  a 
simple  alarm  bell  B'  at  surface. 

The  lander  may  indicate  attention  by  simply  moving 
the  lever  slightly  or  more  definitely  by  putting  it  down  to 
**  signal  from  surface"  which  causes  a  bell  B^  at  the  level 
to  ring.    The  cage  man  then  moves  the  pointer  to  "  Take 
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out  Clntch/'  then  to  "  Move  cage  to,"  then  to  the  number 
of  the  lever  at  which  the  cage  is  required ;  each  signal 
may  be  repeated  by  the  lander  intimating  that  he  has 
understood.  Suppose  for  example  the  cage  is  at  the  5th 
level  and  is  required  to  be  changed  to  the  4th  level  and 
that  the  above  signals  have  been  given  and  repeated; 
the  lander  knows  exactly  what  is  wanted  but  does  not 
move  the  cage  until  the  cage  man  at  5th  level  releases 
the  safety  catch  and  rings  ''3 — to  raise  *'  on  the  signal 
bell.  The  cage  is  then  raised  and  stopped  at  the  4th  level 
and  the  man  there  having  put  the  lever  underneath  the 
safety  catch  indicates  '' Put  in  clutch'*  which  is  repeated 
by  the  lander  and  work  resumed. 

Again,  suppose  that  some  one  below  wants  the  cage 
at  the  7th  level ;  he  can  ring  up  the  lander  on  the  **  enquiry 
bell  "  and  indicate  "  move  cage  to"  and  the  level  No.  7 
when  the  lander  will  send  down  the  cage  if  disengaged  or 
after  it  becomes  disengaged.  In  indicating  the  level  num- 
bers a  single  movement  of  the  pointer  along  the  arc 
indicates  the  level  number  at  which  it  stops  from  1  to  5. 
For  the  second  row  of  numbers,  say  No.  7,  the  pointer  is 
swept  over  the  whole  arc  and  back  and  moved  the  second 
time  up  to  7.  Thus  the  numbers  on  the  outer  arc  are  indi- 
cated by  the  second  motion  of  the  pointer. 

Again,  if  the  cage  has  been  stopped  for  some  time  at 
a  level,  the  safety  catch  being  down,  the  lander  can  ring 
the  signal  ''  signal  from  surface  "  and  then  indicate  "  cage 
wanted."  If  it  is  still  required  to  remain  at  the  level  the 
signal-man  just  moves  the  pointer  and  lets  it  go  back  to 
'•cage  engaged ;"  if  however  the  cage  is  free,  the  man  be- 
low must  release  the  safety  catch  and  ring  the  cage  away 
on  the  signal  bell. 
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The  scheme  which  I  have  here  outlined  purposes  to 
provide : — 

(a)  a  set  of  signals  on  a  bell  at  surface  for  the 
purpose  of  moving  or  stopping  the  cage 
similar  to  those  in  use  with  the  ordinary 
knocker-line ; 

(b)  a  safety  arrangement  whereby  no  signal  to 

move  the  cage  can  be  given  except  from  the 
level  at  which  the  cage  is  halted ; 

(c)  a  number  of  dumb  signals  on  a  series  of 

indicator  boards  enabling  the  cage  man 
to  give  instructions  to  the  lander  and  to 
receive  replies  ; 

(d)  a  bell  which  can  be  rung  from  any  level  to 

call  the  attention  of  the  lander ; 

and  (a)  a  series  of  bells,  one  at  each  level  or  where 
particularly  required,  all  of  which  can  be 
rung  by  the  lander  and  by  no  one  else 
( below )  calling  the  attention  of  the  cage 
man  or  signaller  at  the  level  where  the  cage 
is  situated,  also  useful  for  the  purpose  of  a 
general  alarm  signal. 

The  scheme  is  a  very  simple  one  and  adaptable  to 
various  codes  of  signals  in  different  mines.  The  mecha- 
nical difficulties  do  not  appear  to  be  great  nor  can  the 
construction  and  maintenance  be  expensive — much  less 
so  than  in  the  case  of  electrical  signalling.  The  best  form 
of  apparatus  and  materials  will  naturally  require  some  ex- 
perimental work,  but  I  think  the  scheme  worth  a  trial 
and  I  hope  to  try  it  shortly.    I  might  point  out  that  if  it 
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be  found  necessary  in  any  case  to  increase  the  arc  of 
indicator  to  more  than  the  90^  which  I  have  snggesl 
an  increase  to  180^  or  even  more  could  be  obtained 
substituting  h'ght  wheels  ( perhaps  of  aluminium )  for  tl 
levers  /,  /^  ^2  ^^'»  ^^»  ^^  found  suflEicient,  by  attaching 
of  circles  to  the  ends  of  these  levers.  Such  matters 
merely  questions  of  mechanical  convenience. 
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AIR  BLASTS  AND  QUAKES. 

By  W.  F.  SMEETH. 

In  my  Report  for  the  year  1899*  I  drew  attention  to 
the  fact  that  '*  air-blasts/'  by  which  term  is  usually  meant 
a  splitting  off  of  small  portions  of  the  reef  quartz  with 
a  considerable  amount  of  violence  and  noise,  were  fre- 
quent in  the  quartz  of  the  Champion  Lode,  Eolar  Gold 
Field,  and  often  resulted  in  serious  injuries  to  the  work- 
men underground.  Since  then  I  have  collected  some 
information  about  these  remarkable  phenomena  which 
I  purpose  to  relate  here ;  unfortunately  my  opportunities 
of  experiencing  these  phenomena  or  of  personally  visiting 
the  places  where  they  have  occurred  have  been  few  and 
the  information  available  in  many  of  the  cases  quoted  is 
much  less  complete  and  precise  than  I  would  like  it  to  be 
The  present  notes  must  be  regarded  merely  as  a  progress 
statement  calling  attention  to  certain  salient  features  and 
suggestions  with  a  view  to  securing  more  careful  obser- 
vation and  eliciting  further  facts,  confirmatory  or  other- 
wise, in  future  cases. 

Previous  to  the  year  1900  I  had  received  many 
reports  of  air-blasts  which  did  not  appear  to  me  to  call 
for  particular  attention  except  in  regard  to  their  frequency. 
They  did  not  seem  to  differ  materially  from  the  phenomena 
which  are  known  to  occur  in  Cornwall  and  which  have 
been  described  by  Prof.  Le  Neve  Foster  who  imitated 
th^m  by  screwing  up  some  sheet  glass  between  the  plates 
of  a  copying  press  thereby  causing  portions  of  the  edges 
of  the  sheet  to  splinter  and  fly  off.  On  the  Eolar  Gold 

*  Report  of  the  Chief  lospeofcor  of  Mines  in  Mysore. 
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crackling  noise  was  audible  most  of  the  time  and  every 
now  and  then   there  was  a  report  something  like  that 
produced  by  a  squib  or  cracker  and  sometimes  a  sharper 
report  approaching  that  produced  by  a  small  detonator. 
The  quartz  on  a  freshly  broken  face  was  of  a  translucent 
bluish  grey  colour  which  rapidly  changed  to  white  owing 
to  production  of  numerous  minute  cracks,  just  as  though 
the  whole  reef  was  beginning  to  give  way  under  pressure. 
The  production  of  these  minute  cracks  caused  the  continu- 
ous crackling  sound  and  every  now  and  then  a  small  grain 
would  vanish  with  a  little  puff,  apparently  going  to  powder, 
or  a  small  piece  up  to  2  or  3  ozs.  in  weight  would  fly  out 
with  a  report.     I  watched  this  for  some  time  and  came  to 
the  conclusion  that  the  effects  noted  must  be  due  to  the 
weight  of  hanging  wall  (the  dip  being  about  55^)  on  the 
margins  of  the  quartz.    A  considerable  amount  of  ground 
had  been  stoped  above  the  point  referred  to  as  may  be 
seen  from  the  diagram,  Fig.  1.  Consideration  of  a  number 
of  other  cases  however  suggests  that  the  superincumbent 
weight  is  not  the  sole  cause  of  the  effects  noted,  otherwise 
we  should  expect  to  get  similar  effects  in  many  other  places 
where  the  crushing  weight  is  as  great  or  greater ;   such  a 
connection  is  however  not  borne  out  by  experience  as  air- 
blasts  occur  frequently  where  there  is  no  such  obvious 
pressure  and  fail  to  occur  where  such  pressure  undoubtedly 
exists.       Some  further  explanation  must  therefore    be 
sought  and  in  seeking  for  this  I  cannot   do  better  than 
begin  by  quoting  the  remarks   which   Mr.   P.   Bosworth 
Smith,  Superintendent  of  the  Tank  Mine,  has  kindly  sent 
me  in  connection  with  an  air-blast  in  the  schist  which  he 
himself  observed.  These  remarks  are  particularly  valuable 
as  they  are  made  by  a  trained  scientific  observer,  a  condi- 
tion often  lacking  in  the  reports  obtainable  during  the 


ordinary  course  of  luining  work.     Mr.  Bosworth  Snuie 

■ays:—  -y 

"  Regarding  oar  conversation  on  "qpakes"  and  "air- 
blasts,"  I  hav«  been  fortunate  enoagb 
'"■*  *■  to  witness  several  of  the  latter  and  have 

seen  each  occurrence  in  "  qaartz,"  in 
"trap"  and  in  the  "  country  lock."    These  air- 
blasts   in   quartz    and   in   trap   are,    I   believe, 
common  on  the  Field,  but  a  blast  in  the  schiM 
away  from  the  lode  is  uncomruon   and  I  have 
only  seen  one,  nor  have  I  heard  of  any  others ; 
I  enclose  a  small  tracing  giving  the  locality  nl 
the  occurrence.     About  200  feet  south  of  Wal- 
ker's shaft  in  tbe  530  feet  level  we  started  ■ 
cross-cut  east  to  open  up  our  east  lode.    Visiting 
the  end  when  the  drive  was  about  60  feet  in,  I 
had  just  reached  the  machine  bar  wl 
explosion  took  place  on  tbe  face  of 
the  end.    The  rock  drill  which  had  b 
a  minute  before  was  stopped  as  I  ci 
the  coolies  working  in  it  had  been 
from  the  drill  in  order  that  I  co 
straight  to  the  working  face.    There 
quently  nothing  to  interfere  with  mi 
he-aring  the  blast.      Tbe  blast    we 
ordinary  detonator  bad  been  fixed  on 
the  drive  covered  with  a  small  heap 
fired.    The  explosion  sounded  exa 
and  there  was  a  small  spit  of  fine  c 
away   from   the  end.     There   was  i 
crackling  of  the  rock  giving  warni 
often  occurs  in  the  quartz  and  tbe 
nor  were  there  any  subsequent  emallei 


The  crack  of  the  explosion  was  quite  unexpected 
and  very  startling.  The  force  of  the  explosion 
woald  probably  have  been  sufficient  to  serioasly 
injure  the  face  and  eyes  of  any  person  standing 
and  examining  closely  the  place  where  the 
explosion  occured. 

•*  These  "  air-blasts  "  have  interested  me  for  some 
time  and  several  years  ago  I  wrote  to  the  Kolar 
Gold  Field  Mining  Board  giving  my  opinion 
that  the  cause  of  the  phenomenon  was  similar  to 
that  of  the  explosion  of  a  Prince-Rupert's  drop 
or  the  bursting  and  crackling  of  a  toughened 
glass  globe.  The  glass  in  both  these  cases  being 
very  suddenly  cooled,  enormous  internal  strains 
are  set  up  ;  these  molecular  strains  are  in  equili- 
brium when  the  glass  is  whole  and  may  be 
likened  to  a  complicated  system  of  threads  all 
pulling  violently  on  one  point,  but  all  neutralising 
one  another;  cut  one  of  the  threads  and  the 
whole  system  will  suddenly  collapse.  In  the 
case  of  a  Kupert*s  drop  the  nipping  of  the  thread 
of  glass  forming  the  tail  upsets  the  balance  of 
the  internal  strains  and  the  whole  mass  flies 
apart  with  a  loud  report.  Break  a  toughened 
glass  globe  and  the  pieces  into  which  it  is 
resolved  will  subdivide  of  themselves  and  will  in 
many  cases  go  on  breaking  themselves  up  for 
days  afterwards,  showing  that  in  a  solid  these 
internal  strains  when  not  too  violently  thrown 
out  of  •  equilibrium  take  some  time  to  assert 
themselves. 

"  The  air-blasts  that  occur  in  the   quartz  may  be 
caused  by  the  pressure  of  the  walls  of  the  lode. 


of  our  530  cross-cut   explosion.     The  end  was 
very  tight  and  was  in  fairly  homogeneous  horn- 
blende schist  breaking  off  to  large  head  joints 
which  dipped  west  with  the  ordinary  banding  of 
the  rock.     This  carried  a   few   small   strings  of 
calcite  varying  in  width  from  l/32nd  to  ^  inch 
and  running  parallel  to  the   schistosity  of  the 
rock.     These  may  have  been  introduced  either  by 
the  whole  rock   being  split    up  parallel  to  its 
schist  lines  and  the  calcite  being  carried  into  the 
fissures  produced,  or  the  little  seams  of  calcite 
may  have  been  crystallised  out  when  the  general 
metamorphism  of  the  hornblende  schist  took  place. 
Either  cause  might  produce  local  strains:  the 
former  would  be  a  small  example  of  the    fissure 
or  lode  pressure  and  seems  unlikely,  as  if  open 
fissures  had  been  produced  liable  to  be  subse- 
quently filled  with  new  matter,   the  fissuring 
pressure  would  have  been  lost   when  the  cracks 
formed.     It  also  seems  unlikely  that  the  crystalli- 
sation of  such  strings  of  calcite  could  have  caused 
sufficient   strain  to  have  made  this  blast.     It 
seems  more  probable   that  during  some  of  the 
great  metamorphic  changes  which  the  hornblende 
schists  have  undergone,  some  chemical  change 
took  place  by  which   the  calcite  strings    were 
formed  and  that    these  changes  introduced  the 
local  strain.     My  reason  for  supposing  that   the 
occurrence  was  in  some  way  connected  with  the 
seamd  of  calcite  is  that  in  many  other  places  in 
Tank    Mine    where    levels  have    been  driven 
through  rock  seamed  with  calcite  bands  the  rock 
is  always  ''  airing,"  as  the  miner   calls  it,  i.e., 


clef 
and 


end  of  a  cross-uut,  far  removed 
weBt  Lode  and  in  a  situation  in 
ten  no  great  pre^isure  due  to  tbe 
;ft  unsupported  by  reason  of  sur- 
id  tbe  second  is  that  the  blast  did 
rock  lo  be  tbrown  out,  but  only 
iting  tbat  a  small  piece  of  rock  in 
ed  to  fragments.  With  regard  to 
t  the  pressure  due  to  depth  was 
a  nature  which  can  be  regarded 
,he  effect  described,  the  same 
be  admitted  in  tbe  case  of  several 
ve  been  reported    to    me.     For 

ft  (vertical),  Uoregutu,  was  being 
a  great  deal  of  trouble  was  en- 
ered  about  the  level  of  the  1060  ft. 
cut  from  Taylor's  shaft,  both  iu 
>s8-cut.  Small  air-blasts  were  of 
bis  locality  accompanied  by  sharp 
»r  projection  of  fairly  large  pieces 
the  hornblende  schist  is  usually 
2e  or  roof  which  oil  one  day  was 
,  the  next  day,  Ije  found  much 
Now  the  locality  of  these  occur- 
et  west  of  the  lode  in  solid  back 
lexture  and  the  only  excavations 
1  the  cross-cut  entering  it  at  right 
m  that  in  such  a  case  the  superin- 
of  itself  produce  the  effects  noted 
t  tbat  these  blasts  did  not  occur 
ee  either  higher  up  or  at  lower 
haft  has  subsequently  been  sunk, 
3 
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Bhaft  there  seemed  to  be  no  room  for  the  breaking  off  of 
any  loose  shales  of  rock  such  as  may  occur  in  obliquely 
bedded  and  shaly  ground  and  I  am  inclined  to  believe  that 
the  cases  T  refer  to  were  due  to  the  genuine  splitting  off  of 
fragments  from  the  solid  rock. 

There  is   one  more  case  to  which  I  must  refer  and 

which  takes  us  back  from  black  rock  to 
quartz. 

In    driving   the  1940  ft.  level.   Champion  Reef,  air- 
blasts  have  recently  been  frequent  causing  the  roof  of  the 
level  to  split  and  fly  off  in  small  pieces.     Many  such  blflsts 
occurred  south  of  Ribblesdale's   shaft  and   were   a  great 
nuisance,  but  north  of  Carmichael's  shaft  they  became  so 
bad  that  driving  had  to  be  suspended  until  the  blasts 
played  themselves  out.     The  quartz  of  the  reef  at  this 
point  is  10  ft.  wide  and  shortly  after  the  level  was  opened 
for  some  distance  the  quartz  in  the  roof  commenced  to  fly 
off  and  gradually  worked  itself  out  in  the  form  of  a  wedge 
tapering  from  the  roof  of  the  level  upwards  for   8  or  9  ft. 
The  effects  then  ceased  or  became  so  diminished  that  it 
was  possible  to  resume  work  and  timber  up  the  roof. 
In  this  case  the  1940  ft.  level  is  the  bottom  level  but  one, 
the  ground  being  intact  below  save  for  the  204C  ft.  level 
and  intact  above  up  to  the  1840  ft.  level.     In  fact  there  is 
practically  no  stoping  at  all  for  a  long  way  above  the 
point  referred  to,  the  ground  being  intact  right  up  to  the 
540  ft.  level  except  for  CarmichaeFs  shaft  itself  and  the 
levels  running  from  the  shaft.     There  is  therefore  practi- 
cally no  pressure  of  importance  on  the  quartz  forming  the 
roof  of  this  level  such  as  would  be  the  case  if  much  of  the 
reef  had  been  stoped  out  in  the  neighbourhood.     Neither 
can    the   pressure   due   to   mere   depth    be   sufficient  to 
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described,  ^e  must  seek  for  some  other  causes  for  these 
phenomena.  I  may  say  at  once  that  I  am  quite  sure  that 
"  air-blasts  *'  have  no  connection  with  any  store  of  air  or 
gas  in  the  rock  and  that  nothing  which  can  be  properly 
regarded  as  a  blast  or  explosion  of  any  kind  occurs.  The 
word  *'  air-blast  "  is  a  miner's  term  for  a  phenomena 
which  resembles  the  effect  of  firing  a  shot  in  so  far  as  it  is 
accompanied  by  noise  and  by  the  displacement  of  rock, 
but  there,  in  my  opinion,  the  resemblance  ceases. 

It  is  quite  another  matter  to  go  beyond  this  and 
explain  what  an  air-blast  is  and  how  it  is  caused  and  at 
present  1  have  no  simple  or  satisfactory  explanation  to 
offer,  but  I  shall  briefly  allude  to  a  few  suggestions. 

Mr.  Bosworth  Smith,  in  the  notes  which  I  have 
quoted  above,  suggests  an  analogy  between  the  air-blast 
and  a  Prince  Rupert's  drop  and  I  do  not  think  that  any 
one  who  has  observed  the  two  phenomena  could  fail  to  be 
struck  with  their  similarity.  In  the  one  case  we  have  a  drop 
of  glass  which  owing  to  sudden  cooling  is  in  a  condition  of 
intense  internal  strain  and  in  which  these  strains  result  in 
tensions  tending  to  contract  the  outer  skin  or  sheath  of  the 
drop  and  which  strains  maintain  their  equilibrium  only 
so  long  as  the  outer  skin  remains  intact.  As  soon  as  the 
outer  skin  is  injured,  or  fractured,  equilibrium  is  destroyed 
and  the  unbalanced  strains  cause  a  disruption  of  the  whole 
mass  resulting  in  the  reduction  of  the  drop  to  powder 
usually  accompanied  by  an  audible  crack  or  report.  In 
the  case  of  the  air-blast  we  have  a  portion  of  rock — 
whether  quartz,  black  rock,  or  dolerite  dyke — which  is  in 
a  condition  of  strained  equilibrium  and  which  on  dis- 
turbance of  this  condition  of  equilibrium  flies  into  larger 
or  smaller  fragments  or  even  into  powder. 
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The  case  cited  by  Mr,  Bosworth  Smith  (Case  2),  in 
which  a  portion  of  black  rock  flew  to  powder,  and  the 
disappeiiratice  ot   small    pieces   of  quattz   into   puwder. 
which  I  iiiysfjf  observed    (Case  1),   point  lo  a  very  close 
analogy  between  tbe  air-blat^t  and  the   Prince   Kuperc's 
drop.     It  is   true  that  in  the  majority  of  cases  what  ir 
observed  is  the  report  und  the  fall  or  throwing  out  oi 
pieces   of   rock,    but   this   only   means   that  the  iniemal 
strains  are   letis   minutely   distributed   than    in   the   two 
former  cases  or  that  they  are  sufficiently  relieved  at  the 
boundaries  of  the  projected  masses  to  permit  of  the  latter 
remaining  intact  for  the  time  bein;;.     Further,  it  may   be 
remarked  that  the  case  cited  hy   Mr.   Bosworth   Smith   is 
exceptional  in  that  the  only  thing  that  occurred    Mas   th 
disruption    of  a   small    piece   of  black  rock   and   thai  i 
several  good  sized  pieces  of  the  rock   had   been  projecte 
outwards  at  the  sjinie  time  it  is  more  than  doubtful  if   h 
would  have  observed  the  fact  that  a  small  piece  had  gon 
to  powder. 

In  the  cases  which  I  myself  noticed  in  quartz  (Case  ] 
the  ohsfrvations  were  by  no  means  easy  or  pleasan 
Standing  with  my  back  to  the  footwall  1  could  see  th 
quartz  which  formed  the  bottom  of  the  fitope  cracking  an 
becoming  white  and  opaque,  while  every  now  and  then 
small  piece  would  fly  off  with  a  loud  crack.  After  some  tim 
I  ventured  close  to  the  quartz  face,  ohading  my  eyes  wit 
niv  fingers,  and  observed  a  serieK  of  Mnall  curved  crack 
come  into  existence  with  a  crinkling  noise.  These  crack 
were  disposed  in  a  fringe  round  n  translucent  piece  c 
quartz  about  IJ  ins.  long  by  1  inch  wide.  While  thes 
were  forming  a  small  piece  about  one  eighth  of  an  inc! 
in  diameter  on  the  left  side  twinkled  out  leaving  a  smal 
cavitv  and  a  few  moments  afterwards  a  similar  piece  oi 
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the  right  top  disappeared.  After  this  I  got  up  and 
watched  the  spot  while  listening  to  the  small  blasts  going 
on  around.  About  five  to  ten  minutes  afterwards  the 
central  piece  flew  out  towards  my  left  front  with  a  crack 
like  a  gun  cap  From  these  observations  I  conclude 
that  the  quartz  was  in  a  condition  of  strained  equilibrium, 
that  the  equilibrium  was  slowly  being  disturbed  and  re- 
established disruptively  and  that  the  disruptive  effects 
were  marked  by  the  formation  of  cracks,  the  flying  to 
powder  of  small  fragments  and  the  projection  from  the 
face  of  larger  fragments.  In  these  phenomena  we  have 
illustrations  of  all  the  effects  which  are  described  in  con- 
nection with  these  air-blasts  with  due  allowance  for 
variations  in  magnitude. 

It  seems  to  me  that  the  phenomenon  of  small  pieces 
flying  to  powder  disruptively  as  seen  by  Mr.  Bosworth 
Smith  and  by  myself  makes  the  analogy  with  tiie  Prince 
Rupert's  drop  a  very  strong  one  and  it  may  be  as  well  to 
point  out  that  in  all  probability  this  phenomenon  is  a 
constant  concomitant  of  air-blasts,  even  though  it  has 
been  specially  observed  only  in  two  instances.  In 
Mr  Bosworth  Smith's  case  it  was  the  sole  effect  and  in 
my  case  it  was  noted  only  because  the  strained  area  was 
very  closely  watched.  As  a  rule  cases  such  as  those 
observed  by  Mr.  Bosworth  Smith  would  pass  entirely 
unnoticed  and  few  people  would  feel  called  upon  to 
examine  an  incipient  air-blast  as  closely  as  I  did  in  the 
instance  cited.  While  therefore  the  minute  disruption 
into  dust  is  probably  common  in  air-blast  localities,  the 
fact  that  it  has  not  been  more  frequently  noticed  or 
recorded  is  easily  explained. 

If,  then,  it  is  admitted  that  the  quartz  or  black  rock 
or  dyke  is  in  a  condition  of  severe  strain,  somewhat 
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analogouit  to  that  of  n  Princt;  Itupert's  drop,  at  thu^c 
pliLce))  wheri^  air-blasts  occur,  the  next  point  For  coneiden- 
tion  is  the  way  ia  which  such  strain  may  be  produced. 

Od  this  point  I  have  not  been  able  to  arrive  at  anj 
siitibfactory  conclusions  and  must  content  myself  witb 
discuTising  some  tentative  sug^jestions  and  I  shall  begin 
by  referring  to  Mr.  Bosworth  yiuitli's  views  as  expressed 
in  the  note  quoted  above. 

Mr.  Bosworth  Smith  discus^i^s  the  cause  uf  the 
strains  in  the  three  very  ditferenl  classes  of  material  in 
which  air-blasts  have  been  observed  ris.,  in  the  quaru. 
in  the  trap  dykes  and  in  the  hornblende  schist  and  his 
views  may  be  briefly  stated  as  follows: — 

In  the  quart:  the  strains  may  be  caused  by  pressure 
of  the  walls  of  the  lode.  This  pressure  is  not  that  due  to 
the  weight  of  overlying  rock,  as  I  have  already  shown 
that  the  prevalence  of  air-blasts  bears  no  relation  to  the 
varialioa  in  superincumbent  pressure  due  to  the  excava- 
tion of  Slopes,  but  it  is  the  regional  pressure  to  which  the 
area  has  at  times  been  subjected  and  which  has  resulted  in 
the  crushing  and  folding  of  the  schists  and  of  the  quartz 
reefs.  Such  pressures  would  doubtless  cause  great  inter- 
nal strains  in  the  rocks  which  would  in  places  be  relieved 
by  crushing  or  movement  and  would  in  other  places 
persist  as  irregularly  distributed  strains  owing  to  the 
rigidity  of  the  materials  involved. 

In  t/ie  Iraf  ticket  it  is  suggested  that  the  air-blasts 
are  due  to  strains  set  up  by  the  sudden  cooling  of  the 
originally  molten  material  of  the  dykes  and  that  the 
effects  are  more  noticeable  on  the  edges  of  a  dyke,  where 
it  ia  fine  grained  owing  to  more  rapid  cooling,  than 
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In  the  horiilileiitU  fc/iitt,  the  presence  of  small  Bthngs 
of  calcite  is  noted,  bui  the  suggestion  that  this  calcite  may 
be  the  cause  of  the  pressure  which  gives  rise  to  air-blasts, 
a  favourite  hypothesis  amongst  the  mining  men  on  the 
Field,  is  rejected  in  favour  ol  the  view  that  the  pressure 
is  in  some  way  due  to  the  metamorphic  changes  which 
the  schists  have  undergone,  the  formation  of  calcite  being 
a  coQComitant  effect  of  chemical  alteration. 

Finally  Mr.  Bosworth  Smith  sums  up  in  the 
following  words — 
"  Whether  the  schists  of  the  Kolar  Gold  Field  exist 
as  a  sharp  synclinal  fold  or  not  it  is  undoubted- 
ly true  that  they  have  been  subjected  to  an 
enormous  east  and  west  pressure  and  that 
where  this  has  not  been  relieved  either  by 
proximity  to  the  surface  or  to  some  loose 
fisaure  underground  the  schists  and  the  in- 
cluded dyke  and  vein  rocks  exist  in  a  state 
of  great  strain  and  the  removal  of  the  envelop- 
ing pressure  allows  these  outward  puthmg 
strains  (if  they  maybe  so  called)  to  exert  them- 
selves  more  are  less  rapidly  and  to  disintegrate 
the  rock." 

I  will  now  examine  the  views  above  expressed  some- 
what more  in  detail  and  I  may  begin  by  stating  that  the 
explanation  that  these  air-blasts   ace  essentially  due   to 
internal  strains  resulting  from  the  enormous  pressures  ' 
which  these  rocks  have  so  obviously  been  subjected  fa 
for  a  long  time  appealed  to  me  as  being  in  the  mt 
correct  and  ap  to  comparatively  recently  I  should  ha 
agreed  with   Mr-  Bosworth   Smith   on   this    point.     I 
some  time  past  however  I  have  been  in  consideral 
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doubt  as  to  whether  the  explanation  is  a  satisfactory  one 
and  without  attempting  to  arrive  at  any  final  sohition  I 
shall  endeavour  to  present  some  other  suggestions  for 
consideration  and  to  criticise  the  views  expressed  above 

Firstly,  then,  as  to  air-blasts  in  the  Trap  Dykes. 

Mr.  Bosworth  Smith's  suggestion  that 
these  are  due  to  strams  set  up  by  the 
cooling  of  the  molten  dykes  appears  to  me  to  be  very 
reasonable  and  very  sound.  We  know  that  the  trap  has 
cooled  and  contracted  and  the  chances  of  strains  being 
produced  during  contraction  are  great.  The  Assuring  or 
jointing  of  lavas  and  dykes  is,  I  think,  largely  due  to 
internal  strains  due  to  contraction  which  have  exceeded 
the  limits  of  strength  of  the  rock  and  have  caused  rupture. 
The  dykes  on  the  Kolar  Field  possess  well  marked  systems 
of  joint  planes  and  the  blocks  formed  by  these  planes 
exhibit  spheroidal  weathering  in  a  very  marked  degree. 
This  jointing  and  spheroidal  weathering  is  noticeable  for 
a  considerable  distance  below  surface,  but  is  of  course 
most  marked  on  surface  and  where  surface  waters  have 
circulated.  It  may  be  contended  that  these  features  are 
entirely  due  to  weathering,  but  personally  I  am  inclined 
to  believe  that  they  are  essentially  due  (particularly  the 
well  marked  spheroidal  shells)  to  internal  strains  which 
tend  to  cause  the  joint  blocks  to  assume  the  spheroidal 
structure,  the  actual  development  of  such  structure  being 
either  only  potential  or  remaining  invisible  until  the 
blocks  come  within  the  sphere  of  weathering  agencies. 

If  this  be  correct,  it  is  not  difficult  to  understand 
why  portions  of  a  dyke  when  broken  into  underground 
should  sometimes  fly  off  or  scale.  The  breaking  down  of 
a  dyke  by  explosives  would  doubtless  effect  the  relief  of 
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many  of  the  strains  near  the  exposed  surfaces  and  would 
cause  re-arrangement  of  others  which  in  favourable  cases 
would  cause  pieces  of  the  rock  to  crackle  and  fly.  I  have 
seen  pieces  of  concentric  shells  scaling  off  the  face  of  a 
perfectly  fresh  dyke  at  a  depth  of  about  1,000  feet  from 
surface,  though  there  was  no  indication  of  any  general 
concentric  structure  in  the  rock. 

If,  then,  the  strains   which   cause   air-blasts  in   the 
dykes  are   due  to   contraction  on  cooling   the   molecular 
condition  of  the  dyke  material  must  be  very  different  to 
what  it  would  be  if  the  whole  mass  were  in  a  condition  of 
regional  compression  as  suggested  in  the  last  quoted  para 
of  Mr.  Bosworth  Smith's  note.     If  the  one  explanation  is 
sufficient  to  account  for  the  phenomena,  the  other  is   un- 
necessary.    We  might  suppose  the  dyke  to  have  been 
internally  strained  during  cooling  and  afterwards  to  have 
been  subjected  to  great  compression  along  with  the  sur- 
rounding rocks,  in  which  case  the   latter  pressure  would 
be  removed  at  the  point  where  an  opening  was  made  into 
a  dyke  below  ground  and  there  the  original  strains  would 
re-assert  themselves  and  produce  the   blasts  unless  they 
had  been  obliterated  by  molecular  re-arrangement.    Even 
in  such  a  case  the  phenomena  would  still  be  essentially 
due  to  the  contractual  strains  modified,  perhaps,  by  the 
compressive  strains  within  the  dyke  material.    Apart  from 
such  an  assumption  it  is  more  important  to  note  that  the 
dykes  on  the  field  exhibit  none  of  the  usual  signs  of  having 
been  subjected  to  great  pressure  and  which  are  so  obvious 
in  the  surrounding  schists  and  quartz  reefs ;  they  are  not 
at  all  schistose  and  under  the  microscope  the  constituent 
minerals  show  no  signs  of  crushing  or  deformation.    The 
dykes  are  much  younger  than  the  schists  and  quartz  reefs 
and  have  been   injected  into  two  sets  of  cracks  or  fissures, 


one  Bet  ranning  north  and  Bonth  and  the  other  east  and 
west,  and,  though  the  molten  material  may  have  been  nnder 
considerable  preBsnre  at  the  time  of  injection,  there  is 
nothing  to  show  that  the  dykes  have  been  subjected  to 
any  pressure  after  soh'dification  ;  on  the  contrary  it  is  morf 
probable  that  owing  to  cooling  and  contraction  the  pressures 
within  the  dyke  mass  are  negative  and  tend  to  cause  the 
formation  of  joints  and  crocks. 

With  regard,  therefore,  to  air-blasts  in  the  dolerite 
dykes  it  will  be  seen  that  I  agree  with  Mr.  Bosworth 
Smith  in  supposing  them  to  be  due  to  the  internal  strains 
set  up  by  contraction  on  cooling  from  a  molten  state,  but 
that  I  do  not  agree  that  there  is  any  evidence  to  show  that 
the  dykes  have  been  subjected  to  pressure  since  soldifica- 
tion  or  that  the  air-blasts  are  due  to  strains  doe  In 
compression. 

I  next  pass  on  to  the  question  of  the  strains  in  the 
hornblende  schists  which  constitute  tbe 
country  rock  of  the  KolarOold  Field. 
These  schists  are  for  the  most  part  fine  grained  holo- 
crystalline  rocks  consisting  of  hornblende,  felspar  and 
sometimes  quartz,  usually  with  a  schistose  structure. 
They  are  the  metamorphic  representatives  of  a  very 
ancient  series  of  diabasic  and  basaltic  lava  flows  which 
have  been  folded  into  a  sharp  syncline  by  great  east  and 
west  pressures  and  in  which  the  original  augites  have  long 
since  completely  changed  into  hornblende.  No  one  can 
for  a  moment  doubt  that  these  rocks  have  been  squeezed 
under  enormous  pressures  at  some  period  of  their  history 
and,  if  it  is  found  necessary  to  assume  that  they  are  now 
in  a  condition  of  great  internal  strain,  it  is  not  unnatural 
to  jump  to  the  concluf^ion  that  such  strain  is  a  residual 
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e£Fect  of  the  compFession  whibh  is  known  to  have  taken 
place.  This  is  the  view  taken  by  Mr.  Bosworth  Smith 
vs^ho  considers  that  these  compressional  strains  still  persist 
locally,  having  been  relieved  in  places  by  movement  or 
crushing  of  the  rock  material  or  in  other  places  by  the 
formation  of  loose  fissures.  It  is  also  the  view  which  I 
myself  favoured  until  recently,  but  of  which  I  am  now 
inclined  to  doubt  the  correctness. 

We  must  admit  that  at  one  time  the  rocks  were  under 
^reat  regional  pressure  sufficient  to  bend  them  into  sharp 
folds  and  to  cause  slow  viscous  movements  in  places.  At 
the  time  when  such  pressure  was  active  there  can  be  no 
doubt  that  the  present  rocks  were  buried  under  a  great 
thickness  of  superincumbent  schists  which  have  since  been 
removed  by  denudation  and  it  is  quite  certain  that  this 
active  pressure  has  long  ago  ceased  to  exist.  The  question 
remains  as  to  whether  the  intense  condition  of  strain 
v^hich  must  have  existed  throughout  the  mass  of  the 
rocks  at  the  time  when  the  pressure  ceased  to  be  active 
still  persists  or  whether  it  has  been  partially  or  wholly 
dissipated.  I  am  inclined  to  believe  that  not  only  has  it 
been  wholly  dissipated,  but  actually  reversed  so  that  the 
rock  instead  of  being  in  a  state  of  compression,  is  in,  what 
may  be  loosely  described  as,  a  state  of  internal  tension. 

Let  us  consider  the  history  of  the  rock  for  a  moment. 
First  of  all  we  have  a  great  thickness  of  basic  lava  flows 
which  by  earth  movements  became  crumpled  up  into 
great  folds  and  more  or  less  sheared  and  deformed.  The 
earth  movements,  which  were  probably  very  slow  and 
prolonged,  gradually  ceased  and  the  folded  lava  beds 
underwent  slow  metamorphic  alteration.  The  principal 
feature  of  this  alteration  is  the  change  of  the  augite  into 
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hornblende — &  change  which  is  prohably  accelerated  or 
facilitated  by  preKsiire.  If  it  is  true  that  this  paramorphic 
change  (using  the  tenn  in  a  wide  pense)  is  helped  bv 
pressure,  it  is  prol>abie  that  the  accninpliflhment  of  this 
change  very  largely  reduced  the  internal  pressures  in  the 
mass.  I  may  here  refer  to  Nfr.  Bosworth  Smith's  sngges- 
tinn  that  tlie  metamorphic  changes  which  thepe  mcks  have 
undergone  may  have  given  rise  to  the  internal  prpsBures 
causing  strain  and  which  he  appears  to  use  as  an  alter- 
native or  additional  hypothesis  to  that  of  regional  pressure- 
and  I  may  observe  that  it  merely  presents  the  alternatives 
of  considering  eitherthat  pressure  produces  metamorphism 
or  that  metamorphism  produces  pressure,  and  in  the 
present  instance  T  prefer  the  former.  Apsuiuing  then. 
that  the  change  from  aiifiite  to  hornblende  was  produced 
or  at  least  helped  by  the  pressure  under  which  the  rock 
existed  and  that  much  of  the  intensity  of  this  pressure 
was  p'lr-  pasx'i  relieved  by  the  molecular  reconstruction  of 
the  minerals,  the  next  point  to  he  noted  in  the  history  of 
the  rock  is  the  intrusion  of  the  great  neighbouring  masses 
of  granite  and  gneiss.  I  have  elsewere*  shown  reasons 
for  supposing  that  much  of  the  granite  and  gneiss  on  either 
side  of  this  narrow  belt  of  schists  is  intrusive  towards  the 
latter.  If  this  view  is  correct  the  intrusions  must  have 
raised  the  schists  to  a  considerable  temperature  probably 
with  further  modifications  of  the  crystalline  structure. 
On  the  cooling  and  shrinkage  of  the  granite  masses 
whatever  regional  pressure  may  have  existed  at  the  time  of 
intrusion  would  be  relieved  and  the  heated  schists  would 
at  the  same  time   have  cooled  and  contracted.     Without 

•Tirfe.  — ,A.iJ|friJix  to  Keport  of  Chief  Inspector  of  MinPB-1899,  and 
Recor<]ii  of  tlie  M.vsore  Geo1oRicnl])epartiiient.  Vol.  Ill,  Pages 
16  and  40. 
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itionofhow  many  separate  intmsions 

took  place  there  appears  lo  me  to  be 
in  the  above  noted  sequence  of  events 
to  the  great  original  folding  pressures 
itely  removed  and  even  reversed  giving 
isBures  in  place  of  positive  ones  within 
hietB.  Leaving  out  of  account  for  a 
lion  of  the  fissures  which  the  quartz 
'6  may  pass  to  the  latter  and  final  stage 
e  introduction  of  the   dolerite  dykes. 

believing  that  these  dykes  cut  their 
tightly  compressed  mass  of  schists  or 
nd   adjacent   gneisses    were   violently 

two  rectangular  sets  of  planes  now 
£es.  The  cleanness  of  the  dyke  wails, 
arcity  of  fault  breccias  and  the  trifling 
which  has  taken  place  are  all  against 
.  think  it  much  more  probable  that  the 
lature  of  a  series  of  great  joint  planes 

contraction,  possibly  assisted  by  gentle 
w,  and  tilled  quietly  with  molten  dyke 

is  certain  that  at  the  time  of  intrusion 
iurface  level  of  the  country  was  much 

surface  and  that  whatever  tensional 
le  schists  at  that  time  have  since  been 
lan  diminished  by  the  reduction  of 
c[uent  00  the  closer  approach  of  the 
w&rda  the  surface  or  more  properly 
ach  of  the  surface  towards  the  schists. 

.tion  of  the  tendency  of  the  schists  to 
,  to  be  found  in  the  behaviour  of  the 
mrfaces  underground.  No  matter  how 
ppeax  when  first  exposed,  they  rapidly 


develop  jointB  aad  ucate  off  in  large  slabs  and  this  effec 
is  incceaaed  by  the  introduction  of  dry  air.  This  appeal 
to  me  to  be  more  consistent  with  shrinkage  of  the  expose 
surface  after  removal  of  the  resistance  of  the  adjacent  rue 
than  with  the  tendency  lo  swell  and  burst  outwards  uade 
the  influence  of  internal  compression. 

Finally  aa  to  the  presence  and  inHuemie  of  calcit&, 
agree  with  Mr,  Boswotth  Smith  in  rejecting  this  as  ai 
effective  cause  of  the  strains  which  produce  air-blasts  an< 
in  fact  I  am  more  than  doubtful  whether  air-blasts  are  a 
marked  when  veins  of  calcite  are  present  as  when  tb 
schist  is  free  from  them  and  compact  and  homogeneou 
"  Airing  "  of  the  took  where  veins  of  calcite  are  numeron 
is  common  enough,  but  I  doubt  whether  this  phenomeni 
can  be  properly  classed  with  air-blasts  such  as  occur  ii 
quartz,  trap  or  solid  black  rock  or  if  so  only  to  a  subsi 
diary  extent. 

Again  the  numerous  veins  of  calcite  appear  to  mt 
rather  as  an  indication  of  the  tendency  of  the  enclosinf 
schibtd  to  contract  and  form  tissures  and  the  calcite  itself 
which  is  a  soft  mineral,  is  usually  clear  and  crystaUini 
aod  does  not  appear  to  be  either  capable  of  inducing  greai 
local  pressures  or  of  existing  in  such  form  in  the  cracki 
of  a  rock  suHering  from  severe  internal  compression.  Ai 
of  these  consideratioDS  lend  colour  to  the  suggestion  thai 
the  schists  have  undergone  contraction  in  the  past  anc 
that  they  still  may  have  local  tendencies  to  contact 
further. 

Lastly    there   is  the  question  of  the  condition  ol 
strain  in   the   quartz   itself  in   which 
these  air-blasts  are  observed  more  fre- 
quently than  in  either  the  schist  or   the  trap-    Thii 
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frequency  may  be  an  indication  that  the  strains  which 
produce  air-blasts  are  more  numerous  or  more  strongly 
developed  in  the  quartz  than  in  the  other  rocks,  but  on 
the  other  hand  such  may  by  no  means  be  the  case  and 
the  frequency  may  be  due  partly  to  the  fact  that  more 
work  is  done  in  the  quartz  and  partly  perhaps  to  the 
physical  characters  of  quartz  being  more  suitable  for  pro- 
duction of  air-blasts  than  is  the  case  with  schist  or  trap. 

Bearing  these  alternatives  in  mind  let  us  consider 
the  past  history  and  present  condition  of  the  quartz.  It 
is  generally  admitted  that  the  quartz  reefs  are  fissure 
veins  occupying  cracks  or  introduced  along  planes  of 
weakness  approximately  parallel  to  planes  of  schistosity 
of  the  country  rock.  In  places  there  are  folds  in  the 
reefs,  though  their  character  has  not  been  very  clearly 
made  out,  and  in  places  the  quartz  has  a  finely  granular 
texture  which  may  have  been  produced  by  crushing. 
Under  the  microscope  the  grains  of  quaitz  show  strain 
phenomena,  whatever  their  nature  or  origin  may  be,  and 
it  is  generally  admitted  that  the  reefs  have  at  some  time 
or  other  been  subject  to  considerable  pressure.  The  im- 
portant question,  however,  is  whether  such  pressure  still 
persists  or  whether  in  spite  of  a  general  relaxation  of 
pressure  portions  of  the  quartz  remain  in  a  condition  of 
compressive  strain.  1  see  no  reason  to  think  that  the 
quartz  is  at  present  in  a  state  of  compresbion  except  such 
as  may  be  due  to  the  weight  of  overlying  rock  while  the 
prebcnce  of  joints  and  cracks  in  portions  of  the  reefs,  the 
introduction  of  calcite  and  quartz  in  secondary  veins  and 
the  redistribution  of  metallic  minerals  along  joint  planes 
all  seem  to  me  to  point  to  contraction  after  the  formation 
of  the  reefs.  It  is  true  that  there  are  dikensides  in  many 
places  some  of  which  may  have  been  produced  by  pressures 
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of  the  trap  dykes,  there  is  no  evidence  of  its  ever  having 
been  severely  compressed  after  solidification  while  it  is 
probahle  that  simple  cooling  and  contraction  has  produced 
a  condition  of  internal  tension,  and  that  in  the  other  two 
classes  of  material  it  is  quite  possible  that  after  the  cessa- 
tion of  deforming;  pressures  (that  is,  before  the  introduc- 
tion of  the  trap  dykes  in  Cnddanah  times^  seonlar  cooling 
and  contraction  mav  well  have  led  to  the  formation  of 
joints  and  fissures  and  in  the  more  solid  portions  to  a  ten- 
dencv  to  further  contraction  which  exhibits  itself  in  air- 
blasts  when  portions  of  the  surrounding  envelope  are 
removed.  The  latter  hypothesis  appears  to  me  to  be  more 
in  accord  with  what  I  know  of  the  character  of  these  air- 
blasts  than  the  former,  but  even  if  this  be  admitted  it  can 
be  regarded  as  only  a  very  partial  explanation  of  the 
phenomena. 

We  know  practically  nothing  of  the  differences  bet- 
ween air-blasts  which  occur  in  trap,  schists  or  quartz,  but  I 
have  no  doubt  that  there  are  specific  differences  and  further 
observations  helping  to  define  these  would  be  very  useful. 
It  would  be  interesting  to  know  whether  trap  dykes  on 
other  fields  exhibit  corresponding  phenomena  and  whether 
the  same  have  been  noticed  in  quartz  reefs  lying  in  simi- 
lar or  in  different  enclosing  rocks.  Again,  the  fact  that 
the  schists  have  at  one  time  been  subjected  to  great 
regional  pressure  must  not  be  lost  sight  of;  even  if  such 
pressure  is  not  the  immediate  or  principal  cause  of  the 
strain  which  gives  rise  to  air-blasts  it  may  have  had  an 
important  influence  on  the  character  or  distribution  of 
the  strains  set  up  by  subsequent  contraction.  I  trust  that 
in  thus  drawing  attention  to  this  matter  at  some  length 
some  valuable  data  for  comparison  will  be  forthcoming 
from  other  mining'areas. 


Quakec. 


7  pass  now  to  ti  description  of  oi'rtftin  larger  plieno- 
ao.  whicli  are  coniinoii  in  afjine  of  Th^-  Kolar  Mines  and 
ich  are  usually  reported  as  air-bla>ts.  I  think  that 
y  are  distinct  in  character  and  origin  from  the  air- 
sts  which  I  have  already  described  and  I  purpose  to 
lingiiish  them  by  the  term  "quakes"  as  in  many 
oect.^  they  partake  of  the  nature  of  small  earthquakes, 
iaking  generally,  a  quuke  may  be  described  as  a  local 
ture  of  some  portion  of  rock  underground,  giving  rise 
an  earth  tremor  which  may  be  felt  on  surface  at 
onsiderahle  distance  from  the  point  of  origin — in  some 
Fts  to  between  3  and  4  miles.  The  quake  is  accompanied 
a  noise  or  report,  frequently  audible  on  surface  for  a 
e  or  more  from  the  origin,  the  precise  character  of 
ich  is  rather  difficult  to  ascertain.     T  have  never  heard 

myielf  and  the  accoimts  given  to  me  vary.  Rome 
pie  describe  the  noise  as  similar  to  the  explosion  of  a 
vy  charge  of  gelatine ;  others  as  suggestive  of  the 
ffingupof  adistant  magazine,  while  others  hear  merely 
indefinite  rumble.  Such  differences  are  only  to  be 
ected  and  depend  largely  on  the  situation  of  the 
?rver,  whether  within  doors  or  in  the  open  and  whether 
rany  shaft  through  which  the  sound  may  come  or 
:ed  to  that  only  the  indefinite  rumble  which  probably 
^mpanies  the  earth  tremor  is  heard. 

These  quakes  appear  to  be  of  very  frequent  occurrence, 
comparativtly  few  are  of  each  magnitude  as  to  attract 
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general  attention  or  to  cause  much  visible  damage  under- 
ground. The  larger  and  more  striking  ones  are  practically 
confined  to  two  mines,  viz.,  Champion  Keef  andOoregunj, 
which  occupy  the  middle  section  of  the  Champion  Lode. 
The  following  record  which  has  been  maintained  in  the 
Champion  Reef  Office  shows  how  many  of  these  quakes 
have  been  noticed  from  November  1901  to  June  1908. 


Champion    Reef  Gold    Mine. 

» 

REGISTER    OF    CNDKHGKOUND    AIH-BLASTS.       (QuakeS.) 


Date. 


RemarkR. 


Date. 


Hour. 


Remarks. 


27.11-01 

5       a.m. 

•  ■  • 

7-  6-02 

10-4(1  p.m. 

... 

Do. 

8       a.m. 

•  •  • 

25-  6-02 

9- 38  p.m. 

Heavv. 

• 

212-01 

8-80  p.m. 

•  •  • 

•jr>-  7-0-2 

4-U)a.ni 

Heavy  followed  by 
anothf>r  slit^ht. 

4-12-01 

4       p.m. 

•  •  • 

.  •  • 

• .  • 

•  •  • 

11-12-01 

6-45  a.m. ' 

28-  7-02 

6- .15  A.m. 

«  •  • 

Dn. 

1    9-1.5  a.m. 

21-  8-02 

1 1-45  a.m. 

Do. 

Do. 

11-20  a.m. 

•  ■  • 

2-  9  02 

4       a.m. 

Heavy. 

Bo. 

11-27  a.m. 

«  •  • 

9    9-02 

8-36  a.m. 

Do. 

18-12-01 

4-35  p.m. 

Heavy. 

15-  9-02 

1-45  p.m. 

Do. 

28-  1-02 

1-oOa.m. 

•  •• 

Do. 

4-42  p.m. 

Do. 

80-  1-02 

10-20  p.m. 

•  •  • 

25-  9-02 

3- 15  a.m. 

Very  heavy. 

2-  2-02 

1    5-50  a.  111. 

•  *  • 

6-1002 

12.10  p.m. 

Do. 

6-  2-02 

;    110  a.m. 

*  • « 

18-10-02 

12-40p.m. 

Very  heavy. 

7.  2-02 

8-10  a.m. 

.  •  • 

20-10-02 

10- 10  a.m. 

Ory  heavy. 

14-  2-02 

8-55  p.m. 

24- 1('  02 

11-52  a.m. 

>  •  • 
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RROISTBR  OF  rNDRRGROrsD  Ain-HI.*STS,      (QwthA. —  ('onthintii. 


besides  being  accompanied  by  a  noise, 
'  tiles,  shaken  down  plaster  from  the 
furniture — Much  as  a  high  book  case — 


ilie  effects  of  the  larger  quakes  may  be 
oilowing  cases  in  which  I  have  secured 
rmation  and  several   of  which  I  have 

was  first  attracted  to  the  subject  by  the 

report  of  a  ]argeair-bla,Bt  which  had 

occurred  about  the  760  feet  level   in 

I   southern   boundary  of  the  Ooregum 

lation  received  was  that  a  very  violent 

rred  which  had  blown  out  the  candles 

tre  sinking  the   shaft  a  few  feet   below 

;  that,  large  quantities  of  rock  had  been 

that  a  considerable  portion  of  the  shaft 

The  shock  waa  both  heard  and  felt  at 

people. 

fects  appeared  to  ine  to  be  altogether 
)f  an  air-blast,  so  far  as  my  knowledge 
and  accordingly  I  visited  the  scene  of 
ly  after  its  occurrence  in  company  with 
t,  Mr.  BuUen,  and  Mr.  Arthur  Taylor 
eld  at  the  time. 

late  II,  Fig-  3)  shows  the  situation  at 
ft  was  being  constructed  on  an  underlie 
ugh  the  old  stopes  near  the  southern 
Ooregum  property.  Between  the  660 
!vel3  the  shaft  was  carried  through  a  bar 
k  which  had  been  left  standing  in  the  old 


slopes.     At   the  time  of  the  accident  the  bottom  of  the 
bhat't  was  a  few  tVet  below  the  7(>0  tool  tsvel  aod  the  shaft 
had  been   completely  timbered   duHii  to  that  level.      Oo 
ezaininatiou  a(ter  the  aecideiit.   it  was  found  that  about 
30  feel  of  the  shaft  immediately  above  the  760  foot  level 
had  been  bndiiy  sliii'ted   suuiiiwardij  from    1  to  3  inches 
(Fig  2,  Plate  11),  four  of   thu  eud  pieces   (9  inch  square 
new  tiuibei")    on  the  noith  bide  of  the  shaft  (A  A>   and 
several  lining  planks  had  been  smashed  like  matchwood, 
the  footwall   of  tbe  shaft  just  below  the  level   (C)    was 
shattered  and  raised  in  great  slabs  and  several  props    (B) 
in  tbe  7(30  foot  level   were  broken  and  displaced.     Some 
■20  feel  inside  tbe  level,  a  large  gaping  crack  was  found 
extending  upwards  into  the  arch  uf  black  rock  immediately 
above  some  broken  props.     From  the  damage  visible  and 
from  an  examination  uf  the  plans,   it   seemed  clear  that 
the  origin  of  the  shock  lay  within  the  wedge  shaped  arch 
of   rock  occupyin}^   the  corner   north   of   the   shaft    and 
immediately   above  the   7(10  toot  level.     The  pressure  on 
this  arch  was  no  doubt  very  great  owiug  to  the  amouQt 
of  sloped  ground  to  the  north  of  it  and  above  and  below  it 
and  eventually  it  gave  way  causing  the  damage  described 
The  shock  felt  at  surface  was  probably  due  to  the  sudden 
give  of  the  hanging  wall   and  the  sound   may  have  been 
caused  by  the  production  of  the  large  rent  shown  in  the 
sketch.     With  regard  to  the  fracturing  of  tbe  footwall  of 
the  shaft  at  the  point  C,   it   is  probable   that  an  intense 
vibratory  motion  due  to  the  momentary  relief  of  pressure 
by  the  break  up  of  the  supporting  arch  of  rock  would  be 
sufficient  to  displace  several  slabs  of  rock. 

A  study  of  this  case  led  me  to  the  conclusion  that  the 
quake  shock  was  different  from  an  ordinary  air-blast,  not 
only  by  reason  of  its  magnitude,  but  in  its  mode  of  origin, 
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the  former  being  due  to  the  disruptive  relief  of  strains 
produced  by  superincumbent  presure,  while  the  latter  is, 
as  I  have  already  shown,  due  to  strains  existing  in  the 
rock  material  prior  to  and  essentially  independent  of  the 
development  of  pressure  due  to  adjacent  excavations. 

In  all  the  other  cases  of  quakes  which  1  have 
investigated  I  have  found  the  same  general  conditions  to 
prevail  and  each  case  has  tended  to  confirm  my  original 
conclusion.  I  will  now  briefly  describe  a  few  other  cases 
in  the  order  in  which  they  have  occurred. 

On  the  8th  of  November  1900,  a  big  shock  occurred 

in  Garland's  shaft,  Champion  Beef,  bet- 
ween the  74u  ft.  and  840  ft.  levels  and 
was  both  felt  and  heard  at  surface.     About  70  feet  of  the 
shaft  was  damaged,  as  shown  by  the  dotted  lines  in  Fig.  4* 
Plate  II,    the  timber  being  shifted  slightly  to  the  north 
and  most  of  the  end  pieces  being  smashed  or  bent.     It 
will  be  seen  that  tbe  shaft  passes  through  a  large  pillar  of 
quarcz  with  much  stoped  out  ground  on  either  side  and 
that  the  pillar  is   weakest   where  the  damage  occurred* 
The  shock  was  no  doubt  due  to  the  sudden  giving  way  of 
the  portion  of  the  pillar  between  the  740  foot  and  84U  foot 
levels  under  the  weight  of  the  hanging.     I  did  not  see 
the  place  myself  and  cannot  speak  to  the  condition  of 
the  pillar  after  the  shock;  it  was  said  to  be  much  fractured 
at  the  sides  of  the  shaft,   but  the  outsides  of  the  pillar 
were  not  visible  as  the  adjacent  stopes  had  been  tilled 
with  deJbi  rock.     The  fact  that  the  stopes  had  been  filled 
with  deads  is  an  important  point.    As  soon  as  I  had 
CDms  to  the  conclusion  that  these  quakes  were  due  to  the 
giving  way  of  pillars  under  pressure,  I  pointed  out  the 
desirability  of  obtaining  more  support  in  the  neighbour- 
hood of  passage  way  fit  by  more  extended  filling  of  stopes 
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with  black  rock  and  much  more  filltog  has  been  done 
during  the  past  two  or  three  years  thau  was  the  case 
previously,  especially  in  Champion  Reef  and  Ooregam. 
I  Kop;id  thfti  careful  filling  would  obviate  these  severe 
quakes,  but  this  expectation  has  not  been  fulfilled. 
Quiikes  have  cuatioued  to  occur,  though  it  ia  probable 
Lhat  their  number  has  been  reduced  and  probably  also  the 
severity  of  those  which  have  occurred.  Even  if  filling 
will  not  entirely  obviate  quakes,  there  can  be  little  doubt 
that  it  helpu  to  iiiiQimise  their  afcei  effects  and  to  lessen 
the  chance  of  any  section  of  a  mine  closing  up  as  the 
result  of  the  giving  way  of  some  supporting  pillar. 

On  the  3rd  of  Janaary  I'Mi,  a  tall  of  quartz  occurred 
in  the  940  foot  level,  ftibblesdale's  shaft. 
Champion  Keef,  shown  at  x,  Fig  5,  Plate 
11,  the  quartz  which  fell  being  indicated  by  vertical  ahad- 
mg.  This  again  was  in  a  pillar  of  quartz  through  which 
[he  shaft  passes,  the  stope  immediately  to  the  north  of  the 
pillar  being  filled  with  black  rock.  The  displacement 
might  from  the  situation  be  regarded  simply  as  a  heav; 
fall  ut'  ground,  but  from  the  statements  of  several  Europe* 
ans  who  were  in  the  level  at  the  time  as  to  the  loudness 
of  the  report  and  from  the  fact  that  many  of  the  limbers 
m  the  ahotii  alongside  were  broken  aad  crushed,  I  am 
inclined  to  thiok  that  the  fall  originated  la  fracture  due 
to  crushing.  I  have  known  much  bigger  falls  to  occur 
without  giving  rise  to  any  loud  report  or  causing  any 
noticeable  shock. 

A  very  severe  quake  occurred  on  the  28th  January 

190-2  between  the  1,000  foot  and  1,160 

foot  levels   at   the  southern   boundary 

of  Ooregum,  See  Fig.  3,  Plate  II.     Here  an  old  pillar  (F) 


forming  the  barrier  between  Ooregnm  and  Champion 
Reef  was  being  removed  when  suddenly  a  portion  of  the 
pillar  (qnartz)  gave  way  and  was  badly  shattered,  much  of 
the  timber  in  the  stopes  on  the  north  side  was  broken 
and  displaced,  a  good  deal  of  the  hanging  wall  came  away 
and  the  foot  wall  was  shattered  and  thrown  up  in  large 
filabft.  There  can  he  no  doubt  that  the  c.nu<^  in  this  case 
was  the  sudden  fracturing  of  a  portion  of  the  pillar  under 
the  top  weight  which  is  here  very  great  owing  to  the 
extensive  stopes  on  either  side.  The  stopes  were  very 
heavily  timbered,  bat  no  amount  of  timbering  seems  to 
form  any  safeguard  in  such  cases,  though  it  doubtless 
helps  to  keep  the  stopes  from  closing  altogether. 

On  the  30th   Januarv  1902  there  wfl<?  a  big  smash 

in  Kowe's  shaft,  Champion  Reef,  between 
Cam  T  ^ 

the  900  and  1,000  foot  levels,  see  point  x 

in  Fig.  3,  Plate  II-  The  shaft  here  passes  through  a 
large  dolerite  dyke  with  some  quartz  left  standing  along- 
side. The  quartz  and  some  of  the  dyke  gave  way  forcing 
about  50  feet  of  the  shaft  in  a  northerly  direction  (as  shown 
by  dotted  lines),  as  much  as  3  feet  in  places  and  smashing 
the  shaft  timbers.  This  is,  I  think,  a  clear  case  of  press- 
ure on  the  dyke  and  pillars  of  quartz  owing  to  the  excavat- 
tion  of  the  neighbouring  stopes.  The  shock  was  distinctly 
felt  at  surface. 

On  the  11th  March  1902  a  very  severe  quake  occurred 

near  the  1,160  foot  level  on  the  southern 
boundary  of  Ooregum — see  Fig.  2,  Plate 
II.  This  was  just  below  the  place  where  case  IV  occurred 
and  was  undoubtedly  due  to  the  giving  way  o'^  a  further 
portion  of  the  same  pillar  (P)  which  was  being  stoped 
awav.     Much  damac'f^  was  done  to  the  timber  and  walls 
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of  the  I.lfiO  foot  level  and  the  shock  was  verv  strikingly 
(elt  at  surface. 

On  ihf  nth  June  1902  in  the  1,040  foot  level  Bonth 
of  Glen  shaft,  Champion  Repf, — see  from 
X  to  y  of  Fis.  ft,  Plate  II.  This  was  a 
very  severe  shook  and  was  felt  in  some  nf  the  Iiunsalows 
at  surface  tta  far  as  two  miles  away  frotn  the  shaft.  It  was 
feared  that  abnjit  100  feet  of  the  level  had  rome  together. 
but  afterwards  it  was  found  to  be  only  filled  with  debns. 
The  roof  of  thp  level  was  heavily  timbered  and  much  of 
the  stMpe  above  filled  with  deads.  Much  of  the  tiiiibT 
was  smashed  and  the  hanninji  and  footwalls  damased. 
Near  the  point  .t  st^veral  timbers  were  displaced  and  a 
quantity  of  deads  ran  down  into  the  level.  By  far  the 
greatt-st  damaj^e  occnrred  below  the  pillar  P  where  the  tin>- 
bers  were  completely  smashed  and  the  level  quite  choked 
up  with  rock  and  quartz.  With  the  strong  pillar  P 
above,  one  would  have  expected  the  damajie  at  this  point 
to  be  leas  than  elsewhere,  anlesB,  as  I  think  must  have 
been  the  case,  the  origin  of  the  disturbance  was  due  to 
the  break  up  of  the  pillar  itself.  Prom  the  croia  section 
liii'ouKh  P  (See  Kig.  71  it  is  obvious  that  a  lari;e  portirn 
of  the  hanging  is  supported  by  tlu'  pilliir  with  a  certain 
amount  of  assistance  from  timber  and  dead  rock  and  that 
the  fracturing  of  such  a  pillar  would  oroduce  t'le  effects 
noted. 

.\  severe  shock  occurred  at  Champion  Reef  on  the 
13th  of  March,  1903  in  a  stope  below 
the  900  foot  level  south  of  Rowe's  shaft 
— see  the  spot  marked  y  on  Fig.  2,  Plate  II.  This  stope 
is  on  the  touth  face  of  a  large  dolerite  dyke  which  cuts- 
obliquely  across  the  reef  from  S.  E.  to  N-  W.  and  also 
underlies  to  the  N.  E.     The  900  foot  level  goes  through 
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itope  ftt  thfl  tiiQP  f>f  thp  accident  wns 
p  below  the  900  foot  level  and  was  about 
md  about  -SO  feet  from  N  to  S,  {See 
itoh,  Plate  X.  wbii^h  givfts  a  view  of  the 
footwall  (eastern)  side.)  In  the  stope 
:  resting  on  heavy  stnll  pieces  (18  to  20 
=!r)  ;  the  900  foot  leve!  runs  along  the 
ipper  platform  and  paspe=  thronch  the 
?  point  X  (Plate  I>.  The  second  plat- 
r  15  fpRt  below  and  a  ladder  clofie  to  the 

tibe  two.  The  smith  Rrd  of  the  atone 
arr^e  /inr*'-  of  sr^hiit  which  divifle-a  the 
rts   for  some  distance  hack.     The  repf 

the  bottom  of  this  stone  and  tails  off  in 
the  banging  wall  and  the  oblique  dyke, 
large  wedge  shaped  portion  of  the  atope 
1  of  dyke  shown  in  section  on  the  right 
he  lower  corner  of  the  dyke  is  represent- 

show  the  debris  at  the  bottom  of  the 


re  shock  occurred  which  was  felt  at 
hree  miles  from  the  origin,  the  dyke 
ired  and  miich  dyke  and  schist  were 
lorth  end  into  the  bottom  of  the  stope 
I  visited  the  stope  a  couple  of  days 
t  in  company  with  Capts.  Poole  and 
opean  timberman  who  was  in  charge  of 
lent  at  the  time  of  the  accident.  The 
?  noise  and  concnssion  was  terrible,  all 
out  and  great  quantities  of  rock  fell, 
being  filled  with  dnst.  He  seemed 
;thing  in  the  end  of  the  stope  had  gone 
attering  the  dyke  and  throwing  pieces 


of  rock  ftbout.  The  two  Captains  were  more  or  teei  of 
the  fjame  opinion  and  Capt.  Poole  drew  my  attention  to 
two  plankR  kimcked  out  of  thn  upper  staging  and  aticking 
up  obliquely  as  shown  in  the  sketoh  and  to  a  large  piece 
nf  schist  resting  against  the  foitwall  of  the  level  close  bv. 
He  regarded  this  piene  of  schist  as  U>iving  been  blown  ap 
from  the  slope  bulow.  through  the  staging,  knocking  ap 
the  two  planks  on  its  way.  Before  we  left  1  think  we 
agreed  that  such  an  explanation  was  imueuessary  An  well 
Fis  being  practically  impossible.  In  the  first  place  tbe 
piece  of  sf^hist  could  have  come,  and  no  doubt  did  come. 
From  the  hangin<r  wall  alxivit  the  ifvet.  It  was  too  big 
(about  -24  by  18  by  8  inches!  to  get  tlirnugh  the  hole  in 
the  staging  without  squee>;iag  and  neither  the  stnlls  nor 
the  planks  showed  any  signs  of  having  Iteen  struck  from 
below.  Finally  the  planits  were  held  m  their  oblique  |>osi- 
l;ion  by  some  large  pieces  of  dyke  which  had  fallen  on  their 
inds  and  there  can  be  little  doubt  thiit  it  was  the  weight 
)f  these  pieces  of  dyke  which  ha^l  originally  raised  them 
nto  that  position. 

Again  a  portion  of  the  lower  staging  had  been  knock- 
id  away  during  the  smash  and  one  of  the  large  stnlls  (D> 
vas  found  lying  at  the  bottom  of  stops.  I  gathered  from 
hose  who  were  with  me  that  it  was  their  impression  that 
his  damage  was  due  to  something  bursting  upwards  and 
mtwards  from  the  lower  end  of  the  stope  and  throwing 
he  timbers  about.  On  the  other  hand.  I  myself  am  of 
ipinion  that  the  timber  was  knocked  out  by  falling  rock 
oming  obliquely  down  from  end  of  the  stope  behind  the 
•ortion  of  dyke  shown  in  the  sketch.  At  the  bottom  ot 
he  stope  some  large  blocks  of  rock  (B)  were  four.d  which 
onsisted  of  a  peculiar  variety  of  schist  which  had  evi- 
ently  come  from  the  wedge  shaped  end  of  the  stope  next 


I  and  which  would  have  knocked 
ailing. 

iag  point  of  the  whole  case  is  con- 
ece  of  the  B&me  schist  which  was 
the  timbers  at  the  south  end  of  the 
the  lower  Htagiog  (see  A  in  sketch). 
^hed  over  half  a  ton,  was  said  to 
om  the  north  end  of  the  stope  to 

it  smashed  the  ladder  shown  there. 
}ld  of  rocks  being  thrown  about  by 
aed  this  point  minutely  and  came 

there  could  be  no  doubt  whatever 
tiad  been  violently  projected  from 
I  of  the  stope  and  that  it  must  have 

low  trajectory.  I  had  the  evidence 
harge  of  the  stope  that  the  piece 

the  quake  and  that  it  was  found 
Is,  in  the  position  shown,  with  the 
the  broken  oflf  portion  of  the  ladder 
nbers  behind  it.    Nothing  had  been 

it  and  the  conclusion  that  the  rock 
iwer  few  feet  of  the  ladder  appeared 
>le,  the  northern  side  of  the  ladder 

that  the  rungs  projected  on  the  out- 
:ee  inches.  Again,  the  piece  of  rock 
acter  with  tbat  in  the  northern  cor- 
here  some  loose  and  shattered  pieces 
it  would  have  been  quite  impossible 
k  to  have  fallen  into  such  a  position 
pe  was  closely  timbered  over  by  the 
ly  a  small  ladder  opening.  I  have 
it  the  rock  in  question  came  from 
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The  next  case  occurred  on  the  20th  March  1903  in 

a  stope  below  the  1,085  foot  level  south 
of  Rowe's  shaft,  Champion  Reef, — See 
point  z,  Fig.  2,  Plate  II.  In  this  stope  the  south  face 
of  the  big  dyke  mentioned  in  the  previous  case  was  also 
exposed  and  suffered  a  considerable  amount  of  fracturing^ 
large  flakes  being  thrown  down  from  the  face  of  the  dyke 
into  the  stope.  A  well  marked  shock  was  felt  at  surface, 
but  below  ground  no  great  amount  of  damage  wss  done 
and  I  refer  to  the  case  chiefly  because  of  its  association 
both  in  time  and  place  with  the  previous  case.  The  same 
dyke  was  here  affected  in  a  similar  manner  though  to  a 
lesser  degree  and  the  latter  case  may  perhaps  be  regarded 
as  partly  due  to  the  former. 

On  the  2nd  of  June  1903  a  severe  shock  was  felt  at 

Champion  Reef  at  about  8  p.m.,  just 
about  dinner  time,  and  the  shock  was 
so  noticeable  as  to  cause  several  people  to  start  up  from 
the  table  and  make  for  the  doors.  Plaster  fell  from  the 
ceilings  in  several  bungalows  and  the  vibration  was 
noticed  as  far  away  as  Road  Block — about  4  miles  from 
the  origin.  The  origin  of  the  quake  was  in  the  1,340  foot 
level,  south  of  Ribblesdale's  shaft,  just  where  the  cross- 
cut from  Tennant's  shaft  meets  the  level.  (See  Figs.  8 
and  9,  Plate  II).  Just  here  there  is  a  loop  in  the  level, 
the  eastern  or  main  level  being  on  the  main  lode  which 
has  been  largely  stoped  out,  as  shown  in  Fig.  8,  while  the 
western  branch  or  loop  is  simply  a  level  in  solid  country 
there  being  no  stoping  above  or  below  it.  On  inspection 
I  found  that  the  principal  damage  extended  from  x  to  y 
in  the  main  level  a  distance  of  about  140  feet.  All  along 
here,  the  floor  of  thie  level  was  raised  and  the  tram  line 

bent  and  tilted  up.    The  foot  wall  was  much  fractured 
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and  large  slabs  up  to  12  inches  tbick  were  raised  from  it. 
the  most  marked  effects  being  about  the  point  C  where 
there  was  only  just  enough  apace  left  between  the  dis- 
placed footwall  and  the  hanging  to  crawl  throagh.  The 
hanging  wall,  as  frequently  noticed  in  other  cases,  was 
much  less  damaged  than  the  foot  wall,  though  many 
shales  and  large  flakes  had  fallen  from  it.  The  roof  of 
the  level  consisted  of  closely  set  stulls  (14  to  18  inches  in 
diameter)  with  lathing  on  top  supporting  the  " deads  " 
which  filled  the  stopea  above.  Many  of  these  slulls  were 
crushed,  bent  or  thrown  down.  The  corner  B  of  the 
wedge  between  the  two  levels  had  suffered  considerably 
and  the  schist  there  was  crushed  and  crumpled  as  though 
it  had  been  forcibly  compressed  in  the  direction  of  the 
dip.  In  the  loop  level  much  damage  was  done  at  A  on 
the  foot  wall  side,  where,  as  in  the  main  level,  the  foot 
wall  had  been  thrown  out  in  huge  slabs. 

This  case  puzzled  me  considerably  at  the  time  of 
inspection,  as  I  was  informed  that  the  reef  had  all  been 
sloped  out  for  considerable  distance  above  and  below  the 
main  level  and  X  was  therefore  unable  to  see  what  had 
given  rise  to  such  a  violent  quake  at  this  particular  spot. 
On  examining  the  plans  afterwards  with  Mr.  Stonor,  the 
Surveyor  of  the  Mine,  I  found  that  all  the  quartz  had  not 
been  stoped  out,  but  that  a  large  pillar  (P)  had  been  left 
for  support  between  the  points  x  and  y  (see  Plate  II, 
Figs.  8  and  10).  This  at  once  enabled  me  to  account  for 
the  quake  in  conformity  with  the  conclusions  which  I  had 
deduced  from  previous  cases  and  I  think  there  can  be  no 
doubt  that  this  pillar  had  given  way  under  the  overload 
causing  the  damage  which  I  have  described.  This  case 
is  therefore  a  further  confirmation  of  the  hypothesie  that 
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quakes  aro  due  to  the  giving  wa}'  of  pillars  under  the 
superincumbent  weight. 

The  foregoing  ten  cases  are,  I  think,  sufficient   to 

show  that    the    larger    air-blasts,    or 

Cttnclasion.  .  -.  *        .  hi 

quakes  as  I  prefer  to  call  them,  are 
essentially  connected  with  and  are  in  fact  due  to  the 
sudden  giving  way  of  pillars  or  bars  of  solid  rock  in 
localities  where  much  stoping  has  taken  place.  All  of 
those  of  which  I  have  received  details  have  occurred  either 
in  Champion  or  Ooregum.  I  am  informed  that  there  have 
been  some  in  the  Mysore  Mine,  but  they  do  not  appear  to 
have  been  severe  and  were  not  brought  to  my  notice. 
None  have  occurred  in  Nundydroog  or  the  other  mines 
to  the  north  thereof. 

A  complete  explanation  of  the  location  of  these  quakes 
is  not  obvious  and  more  information  is  required  before  it 
will  be  worth  while  to  attempt  an  explanation.  It  is 
obvious  however  that  all  the  cases  which  I  have  quoted 
above  have  occurred  in  areas  in  which  much  ground  has 
been  stoped  out,  the  majority  of  them  being  situated  not 
far  from  the  boundary  between  Ooregum  and  Champion 
Reef.  In  Nundydroog  the  stoped  out  areas  are  less 
extensive  and  the  reef  dips  more  steeply  than  in  Cham- 
pion Reef  and  Ooregum  and  this  may  help  to  explain  the 
absence  of  quakes  in  that  mine,  but  the  same  explanation 
can  hardly  account  for  their  absence  or  infrequency  in 
the  Mysore  Mine  where  there  are  very  extensive  stopes 
and  where  the  reef  is  flatter  than  in  Champion  Reef  and 
Ooregum.  The  question  of  the  general  distribution  of 
quakes  therefore  requires  further  examination. 

Apart  from  this  point,  some  explanation  is  required  of 
the  prevalence  of  quakes  on  the  Kolar  Gold  Field  as  cora- 
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pared  with  other  Mining  areas.  The  freqaeocy  an  well  ag 
the  severity  of  the  phenomena  described  above  are,  so  far 
OS  I  know,  peculiar  features  of  the  workings  on  the  Kolar 
Gold  Field  which  are  not  to  be  met  with  in  other  mining 
fields  Such  an  impression  may  he  partly  due  to  ignor- 
ance of  what  occurs  elsewhere,  but  I  have  not  heard  of  or 
met  with  similar  occurrences  on  numerous  other  helda 
with  which  I  am  acquainted.  Possibly,  however,  the  fact 
of  ray  calling  attention  to  the  occurrence  of  these  quakes 
here  may  elicit  information  as  to  their  occurrence  else- 
where and  an  examination  of  varying  conditions  under 
which  they  occur  may  help  towards  a  better  understand- 
ing and  more  complete  explanation  of  them. 

One  of  the  first  points  upon  which  some  more  precise 
information  is  wanted  is  the  character  of  the  sound  which 
accompanies  a  quake  and  the  immediate  cause  of  it.  As 
might  be  expected,  the  descriptjons  which  I  have  received 
very  greatly,  much  of  the  variation  being  probably  dne 
to  the  location  at  tbe  moment,  as  well  as  to  the  personal 
equation,  of  the  auditor.  There  would  no  donbt  be  a  con- 
siderable difference  in  the  sound  as  heard  by  those  below 
ground  from  that  which  is  heard  on  surface,  but  there  is 
often  a  doubt  whether  these  two  sounds  have  the  same 
origin  or  vehicle  of  transmission.  I  have  come  across 
many  cases  in  which  a  well  marked  report  heaid  below 
ground  has  pasned  quite  unnoticed  on  surface,  which  of 
course  is  not  difficult  to  understand,  and  several  more 
remarkable  cases  in  which  a  sound  distinctly  audible  at 
surface  has  failed  to  attract  the  attention  of  those  work- 
ing in  the  mine,  and  I  am  inclined  to  think  that  the 
sounds  most  frequently  heard  below  ground  are  those  due 
to  the  sudden  rending  or  fracturing  of  rock  which  in  most 
cases  fail  to  make  themselves  heard  on  surface  while  the 
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aoands  which  are  well  marked  on  surface  are  due  to 
vibrations  set  up  by  the  sudden  jerk  of  the  hanging  conse- 
quent on  the  fracturing  of  a  pillar  and  transmitted  to  sur- 
face through  the  overlying  rock  with  the  production  of  an 
audible  vibration  as  well  as  a  perceptible  tremor. 

The  next  point  for  enquiry  is  the  reason  for  the  pre- 
valence of  these  quakes  on  the  Kolar  Gold  Field  when 
compared  with  other  fields.  In  the  Champion  lieef  and 
Ooregum  Mines  very  large  sections  of  the  reef  have  been 
removed  down  to  a  depth  of  about  1,700  feet,  the 
workings  being  on  an  underlie  of  about  50^,  and  un- 
doubtedly the  extent  of  these  workings  and  the  compara- 
tively low  underlie  tend  to  produce  great  pressure  on 
pillars  and  other  supports  of  the  hanging  wall,  more  so  than 
perhaps  than  is  the  case  in  the  majority  of  gold  fields. 
On  the  other  hand  there  are  certainly  both  gold  and  coal 
fields  where  the  pressure  on  pillars  must  be  as  great  as  or 
greater  than  here  and  where,  so  far  as  I  know,  quakes  are 
not  prevalent  and  the  inference  must  be  that  though 
pressure  is  essential,  it  is  not  sufficient  to  cause  quakes 
except  under  special  local  conditions.  Such  local  con- 
ditions are,  I  think,  to  besought  in  the  physical  characters 
of  the  rocks  forming  not  only  the  pillars  but  also  the 
adjacent  country  rock  and  it  will  probably  be  found 
essential  that  these  rocks  should  be  both  hard  and  brittle 
within  certain  limits,  that,  in  fact,  they  should  be  capable 
of  withstanding  very  considerable  pressure  without 
appreciable  deformation,  but  that  once  a  certain  limit  of 
pressure  is  reached,  they  should  yield  suddenly.  The 
conditions  are  remarkably  fulfilled  on  the  Kolar  Gold 
Field  by  the  quartz,  the  dykes  and  the  black  rock,  that 
is  to  say,  by  all  the  rocks  present.  If  the  material  forming 
the  pillars  is  not  suflBciently  strong  or  if  the  hanging  and 
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reason  why  such  filling  should  be  discontinued  or  abated. 
It  is  probable  that  the  filling  has  in  many  cases  greatly 
diminished  the  after  effects  of  a  quake  and  that  by  taking 
np  the  pressure  over  a  larger  area  it  will  tend  to  diminish 
other  quakes  in  the  same  locality.     If  it  is  true  that  pillars 
are   an  essential  factor  in  the  production  of  quakes  the 
obvious  policy  would  be  to  leave  no  pillars  and  to  support 
tlie  hanging  walls  of  stopes  by  timber  and  deads  only, 
allowing  the   worked  out   parts  fco  close  down  as  soon 
as    possible.     But   there  are  many  practical  difficulties 
in    the  way  of  carrying  out   such  a  policy.     In  some 
cases  what  are  virtually  pillars  are  left,  because  the  stuff 
forming  them   is  not  wanted  and  their  removal  means 
expense — for  example  transverse  dykes  and  patches  of 
barren  ground — but  on  the  other  hand  I   would  recom- 
mend mine   managers  to  consider  the  advisability  of  not 
leaving    pillars  for  the  express  purpose  of  supporting 
ground,  but  rather  as  far  as  possible  to  do  without  them 
and  to  trust  to  keeping  open  any  necessary   spaces  by 
means  of  timber  and  careful  filling  in  of  dead  rock. 

There  is  one  more  point  to  which  I  may  refer.  It 
has  frequently  been  noticed  in  the  case  of  large  quakes  that 
the  foot  wall  has  shown  much  more  signs  of  damage  than 
the  hanging  wall  and  the  way  in  which  the  footwall  has 
been  thrown  up  in  places  has,  I  have  no  doubt,  much  to 
do  with  the  popular  impression  that  the  quake  was  due 
to  something  in  the  footwall  which  caused  the  rock  to 
burst  up.  The  bursting  up  of  the  footwall  is,  as  I  have 
tried  to  show,  an  after  effect  of  the  quake,  a  side  issue  in 
fact,  and  not  the  primary  feature.  If  we  suppose  a  pillar 
to  be  under  a  very  heavy  compression  we  may  regard  the 
hanging  and  foot  walls  as  slightly  dented  at  top  and  bottom 
thereof.    When  the  pillar  yields  there  will  be  a  momentary 
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relief  of  pressure  during  which  the  dented  portions 
Iiaaging  and  foot  wails  wilt  spring  inwards  setting  up  el 
tic  vibrations.  The  vibration  in  the  hanging  side  is  doal 
less  what  is  left  and  heard  at  surface  and  it  tends 
shake  off  loose  pieces  from  the  hanging  wall  in  the  vi 
nitv  of  the  quake.     As  the  haneiQ^  wall   is  asaallT  ki 
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THE  OCCURRENCE  OF  SECONDARY  AUGITE 

IN  THE  KOLAR  SCHISTS. 


I. — Character  and  mode  op  occurrence  of 

THE   AUGITE. 


lntPodu<story. 


For  some  }'ears  past  I  have  had  occasional  opportunities 
of  excaniining  the  Kolar  Belt  of  Schists  and  have  lived  in 
hopes  of  finding  time  to  publish  some  account  of  this  in- 
teresting series  of  rocks,  but  up  to  the  present  I  have  not 
been  able  to  take  this  work  seriously  in  hand. 

In  the  year  1900,  I  published  a  short  account*  of  the 
general  features  of  these  schists  which  «may  serve  as  an 
introduction  to  the  present  paper  in  which  I  propose  to 
deal  with  the  mode  of  occurrence  of  the  mineral  augite 
in  the  hornblende  schist.  I  am  induced  to  treat  this 
question  separately  here  instead  of  delaying  it  any  longer 
for  inclusion  in  ray  proposed  report  on  the  Kolar  Belt,  as 
the  evidence  which  I  have  to  record  appears  to  me  to  be 
of  more  than  local  interest  and  may  possibly  prove  valu- 
able and  suggestive  to  students  of  petrology  generally. 

The  main  contention  of  the  paper  is  that  the  augite  in 
these  hornblende  schists  is  of  secondary  origin  and  derived 
from  the  hornblende.  I  am  unable  to  say  exactly  how 
novel  such  a  proposition  may  be,  as  my  opportunities  for 
refeiTing  to  literature  on  the  subject  are  meagre ;  I  am 
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aware  that  angitc  has  occasionally  been  noted  as  a  second- 
ary mineral  in  cases  of  contact  metamorphisni,  generally  in 
connection  with  limestones,  and  that  its  occurrence  in  veins 

and  amygdules  in  certain  basic  lavas  bordering  on  the  Shap 
granite  has  been  recorded  by  Messrs.  Harker  and  Marr* 
bat  I  do  not  think  that  its  occurrence  as  a  protluct  of  the 
metamorphism  of  hoi-nblende  schist  (itself  a  metamorphic 
rock)  has  been  observed  or  if  observed  has  not  been  so  pro- 
minently brought  to  notice,  as  the  occurrences  which  I  am 
about  to  describe  would  seem  to  warrant.  It  is  very  pro- 
bable that  in  most  cases  the  mere  association  of  hornblende 
with  such  secondary  augite  would  lead  to  the  augite  being 
regarded  as  the  original  mineral  from  which  the  hornblende 
had  been  derived,  owing  to  the  universally  recoj^nised  ten- 
dency for  such  a  transformation  to  take  place.  I  hope  how- 
ever to  be  able  to  show  that  in  the  case  of  the  Kolar  schists 
the  converse,  and  less  usual,  change  has  taken  place  and 
that  it  has  been  a  wide  spread  and  constant  feature  in  the 
life  history  of  these  schists. 

In  the  present  paper  I  shall  confine  myself  to  the  Eolar 
Schist  Belt  itself,  although  the  same  features  occur  in 
numerous  other  patches  of  schist  scattered  throughout 
Mysore,  which  are  so  similar  petrologically  and  strati- 
graphically  to  the  schists  of  the  Kolar  Belt  that  it  will 
probably  be  found  legitimate  to  include  and  distinguish 
them  all  under  one  common  designation  as  "  the  Kolar 
Series/' 


Q«n«ral  Charaot^r  of  tha  Sohlsts. 


The  schists  are  essentially  hornblendic  and  occur  in  a 

series    of   steeply    inclined  beds  of 
varymg  texture.    The  composition  of 

*  Sapplementary  Notes  on  the  Metamorphic  Bocks  around  the 
Shap  Granite.  Quart.  Jour.GeoL  Soc.  VoLXLIX.  p.  861.  1898. 


these  beds  appioximates  to  that  of  noiinal  diabases  and 
dolerites.  In  mineral  constitution  they  are  composed  of 
dark  green  to  black  hornblende,  which  is  blaish  green  to 
yellowish  green  in  thin  sections,  fairly  basic  plagioclase 
felspar  and  a  little  titaniferous  iron  ore  more  or  less  altered 
into  leucoxene. 

In  texture  there  is  great  variety  ranging  from  coarse  to 

fined  gvained  types  comparable  to  the 
textures  of  diabases,  dolerites  and 
basalts  and  like  those  rocks  showing  ophitic  and  inter- 
sertal  structures;  there  are  also  a  few  members  with 
porphyritic  felspars.  Many  of  the  beds  have  however 
suffered  considerable  deformation  and  alteration  with  con« 
sequent  loss  of  original  structure  and  now  appear  as  coarse 
to  fine  hornblendic  schists  in  which  the  hornblendes 
become  more  tufted,  fibrous,  or  granular,  while  the  fels- 
pars are  broken  up  into  granular  aggregates  of  quartz  and 
felspar.  The  above  mentioned  types  make  up  the  greater 
bulk  of  the  schists  and  in  addition  there  are  some  ampi- 
bolites  (by  which  I  mean  rocks  composed  practically 
entirely  of  hornblende),  some  hornblende  gran ulites  or 
rocks  composed  of  fairly  uniform  granules  of  hornblende, 
felspar  and  perhaps  quartz,  and  some  banded  and  veined 
types. 

There  can  be  practically  no  doubt  that  these  schists 

were  originally  a  series  of  basic  lava 
flows,  mainly  of  diabasic  to  basaltic 
types,  which  became  folded  and  metamorphosed  under 
pressure  into  the  present  hornblendic  forms  and  that  very 
probably  the  original  minerals  were  augite,  plagioclase 
and  titaniferous  iron  ore. 

The  probability  that  this  assutuption  is  true,  viz.,  that 

the    hornblende    of  these    rocks  is 

No oritlnal aHjrite  left.       ,      .       ,.  -  •    \     i 

derived'  from   origmal  augite,   is   so 
strong  that  it  scarcely  needs  direct  support,  nevertheless 

a  careful  search  for  anything  which  could  be  regarded  as 


residual  portions  of  the  original  augite  was  made  in  all 
sections  which  were  cut.  Over  one  thousand  sections  of 
these  schists  have  been  examined  and  I  am  satisfied  that 
no  trace  of  any  origmal  augite  remains ;  the  metamor- 
phism  appears  to  have  been  very  uniform  and  complete. 

Augite  does  however  occur  in  these  hornblende  schists 
in  certain  cases  and  sometimes  in  such  a  way  that,  were 
these  cases  considered  separately  and  apart  from  the 
general  evidence  obtainable,  the  augite  would  undoubted- 
ly be  regarded  as  original. 

The  object  of  the  present  paper  is  to  relate  the 
general  evidence  which  I  have  so  far  obtained  on  this 
point  and  which  I  beleive  is  sufficient  to  negative  the 
suggestion  that  any  of  the  augite  now  to  be  found  in 
these  schists  is  original  and  generally  to  emphasise  the 
view  that  augite  may  under  certain  conditions  be  a  second- 
ary  mineral  derived  from  hornblende.  It  is  probable  that 
the  conditions  to  which  I  allude  may  be  found  to  obtain 
elsewhere  than  in  Mysore  in  connection  with  old  horn- 
blendic  schists. 


Looatlon  of  Auglto. 


By  far  the  most  important  part  of  the  evidence  relates 
AiifitoaMocutcdwith  to  the  localities  in  which  the  augite 
intrusive  add  matoriai.  ig  found  to  occur.  These  localities 
are  all  distinguished  by  the  fact  that  in  them  the  schists 
are  invariably  associated  with  more  acid  material,  which 
latter  is,  in  my  opinion,  of  an  intrusive  character. 

The  accompanying  sketch  map  shows  the  southern 
portion  of  the  Kolar  Belt  of  schists  and  it  will  be  noticed 
that  the  schists  are  lying  in  an  extensive  area  of  granitic 
rocks,  either  granites  or  granitic  gneisses,  which  are,  in 
my  opinion,  later  than  the  schists  and  intrusive  towards 
them.     In  the  belt  close  to  its  eastern  border  there  is  a 
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series  of  highly  crushed  granitic  rocks  which  I  have  pre- 
viously referred  to+  as  the  "conglomerate  series/'  The 
name  is  not  a  good  one  as  the  series  does  not,  in  my 
opinion,  contain  any  true  conglomerate.  I  shall  however 
retain  the  name  in  this  paper  and  refer  to  the  series  as 
**  the  Conglomerate  Series  "  merely  stating  at  the  same 
time  my  opinion  that  the  rocks  comprising  it  are  essential- 
ly intrusive  with  regard  to  the  schists. 

Very  briefly  then  we  may  be  said  to  be  dealing  with — 
(a)     a  series   of  basic   hornblendic  rocks   steeply 
inclined,  more  or  less  schistose,  and  collec- 
tively referred  to  as  "  Hornblende  Schists  ;  " 

(6)  a  series  of  highly  crushed  granitic  rocks  lying 
mainly  within  the  boundaries  of  the  horn- 
blende schists  and  intrusive  towards  them 
and  called  the  "  Conglomerate  Series  ' ; 

(c)  a  great  extent  of  granites  and  granitic  gneisses 
surrounding  and  in  places  intruding  the 
hornblende  schist  which  may  be  convenient- 
ly referred  to  simply  as  "  Gneiss  "  or 
"  Granite. " 

In  addition  to  these  main  divisions  it  may  be  noted 
that  both  the  conglomerate  series  and  the  gneiss  are 
penetrated  by  later  veins  and  bands  of  aplite  and  peg- 
matite which  sometimes  penetrate  the  schists  and  also 
that  both  the  conglomerate  series  and  the  gneiss  contain 
included  bands,  lenses  and  fragments  of  the  hornblende 
schists.  A  glance  at  the  sketch  map  attached  to  this 
paper  will  enable  the  distribution  and  relationships  of  the 
above  mentioned  series  to  be  more  easily  followed. 

On  this  map  I  have  placed  a  number  of  red  dots  to  in- 
dicate the  localities  where  augite   has  been  found  and  a 
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glance  at  these  dots  shows  that  the  augite  occars  chiefly 
near  the  borders  of  the  hornblende  schists.  This  is  trae 
of  all  the  localities  shown  with  the  exception  of  numbers 
3,  4,  8,  9, 11,  21,  and  29  and  the  map  might  be  made  very 
much  more  striking  if  a  special  survey  were  undertaken 
to  determine  as  many  localities  as  possible  where  augite 
occurs.  As  it  is,  the  dots  simply  show  those  placed  in 
which  augite  has  been  found  in  the  ordinary  course  of 
survey  work.  Of  these  the  majority  are  associated  with 
the  conglomerate  series,  most  of  the  others  are  associated 
with  tne  gneisses  of  the  western  border  and  the  exceptions 
already  noted  are  associated  with  schists  which  have 
suffered  alteration  and  are  either  veined  or  banded  with 
acid  material.  This  association  of  the  augite  with  acid 
materials  of  more  recent  origin  than  the  schists  is  suffici- 
ently striking,  but  it  becomes  much  more  forcible  when 
it  is  pointed  out  that  not  a  trace  of  augite  has  been  found 
in  the  great  bulk  of  the  schists  which  exhibit  no  such 
alteration  and  which  retain  to  a  large  extent  their  original 
igneous  structure.  Were  the  augites  original  constitu- 
ents of  the  lavas,  the  most  likely  places  to  find  them 
would  naturally  be  in  those  members  of  the  series  which 
have  suffered  least  alteration,  that  is  to  say,  in  the 
coarse  to  fine  grained  hornblende  diabases,  which  still  re- 
tain the  lath  shaped  felspars  and  ophitic  structures  of  the 
original  lavas,  or  in  the  homogeneous  hornblende  schists, 
which  are  rocks  of  similar  compositi<m  without  such 
characteristic  igneous  structures,  but  the  fact  is  that  in 
none  of  these  has  a  trace  of  augite  of  any  kind  been  dis- 
covered, although  several  hundred  microscope  sections  of 
these  types  have  been  carefully  examined. 

Broadly  stated  then  the  evidence  is  as  follows : — that  in 

Auffite  only  in  aitervd    au   cxtcnsive    Series  of  hornblendic 

schuu.  rocks  all  of  which  are  of  more  or  less 

similar  composition  and  all  of  which  are  most  probably  of 

similar  origin  {viz,,  basic  lava  flows  originally  containing 


augite  with  perhaps  some  tuflfaceons  members)  the  fact 
that  the  augite  now  found  in  these  rocks  is  invariably 
located  only  in  the  more  altered  varieties  which  are  veined, 
banded,  or  otherwise  associated  with  subsequent  (intru- 
sive) acid  materials,  while  the  less  altered  homogeneous 
varieties  are  invariably  free  from  augite  affords  evidence 
amounting  to  proof  that  the  augite  is  a  secondary  mineral 
and  that  it  is  genetically  related  to  the  intrusions  of  acid 
material  into  the  schists. 

Further  than  this  it  must  be  conceded  that  the  augite 
Aiifite   deHvcd  from    is  formed  at  the  expense  of  the  horn- 
Hornbiciide.  blende  of  the  schists  which  brings  us 

back  to  my  original  proposition  that  the  augite  is  a  second- 
arv  mineral  derived  from  hornblende  and  is  therefore  a 
reversal  of  the  widely  recognised  change  of  augite  into 
hornblende.  Whether  the  change  is  comparable  to  ura- 
litization  or  not  I  am  unable  to  say ;  the  augite  crystals 
certainly  do  not  represent  original  hornblende  crystals,  so 
far  as  their  shape  and  boundaries  are  concerned,  but  I  am 
inclined  to  think  that  there  has  not  Leen  much  change  in 
composition,  but  rather  a  molecular  re-arrangement  com- 
bined with  aggregation  or  segregation  as  the  augites  are 
as  a  rule  larger  than  the  hornblendes  from  which  they 
have  been  derived. 

With  this  general  statement  as  a  prelude  I  will  now 
briefly  describe  some  of  the  specimens  containing  this 
secondary  augite  and  will  divide  these  into  two  series  vie, 

A.  a  series  of  specimens  intimately  associated  with 

the  conglomerate  series  and 

B.  sundry  other  specimens  from  the  body  of  the 

schists. 


DasoHptloii  of  8|ieoim«ns« 

(/()     Aiifiociated  with  Conglomerate  Series, 

No.  2.  (Ji/48R).  Localiiy. — In  nulla  running  N.  E. 
from  5/o5  on  Patna-Betmangala  road ;  3 J 
furlongs  north  of  road. 

Description. — The  crushed  granite  of  the  conglomerate 
series  at  this  point  contains  several  lamps 
and  patches  of  hornblende  schist  which  are 
much  bunded  with  granite,  pegmatite  and 
aplite.  The  specimen  is  from  one  of  these 
acid  bands  and  is  fairly  granulitic  in  texture 
with  much  granular  pale  green  augite  and  a 

little  hornblende.     Numerous  tiny  granules  of 
sphene  present.     No  Ilmenite. 

No.  0.     (Ji/154\     Loc.'-''2\   furlongs   south  of  Pitch- 
palli. 

/)^s.— Similar  generally  to  No.  2.  The  augite  grains 
are  poecilitic  in  structure  enclosing  granules 
of  quartz  and  felspar.  Grains  of  brownish 
sphone  present.     No  Ilmenite. 

No.  12.  (Ji/198).  I/or.— Nearly  two  furlongs  west  of 
Surpalli. 

I)es, — A  banded  hornblende  schist  close  to  the  conglo- 
merate series.  The  hornblende  is  in  granular 
aggregates  and  prisms  lying  in  finely  granular 
felspar  and  quartz  with  small  specks  of  ilmenite 
partly  altered  to  sphene.  The  lighter  bands 
are  indefinite  and  contain  pale  green  granular 
augite  w^ith  felspar,  quartz  and  sphene. 


^OTE. — The  number  preceding  the  description  refers  to  the  numbered 
dots  on  the  map,  The  number  in  brackets  is  the  number 
of  the  specimen  in  the  departmental  collection. 

The  iron  ore  in  these  rocks  is  usually  titaniferous  and  is  throughout 
referred  to  Ilmenite  although  some  magnetite  may  be  present. 
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No.  13.  (Ji/292).  Lor— One  hn\on<i  S.  W.  of  tank 
bund,  7  furlongs  N.  N.  W.  of  ifadniangala,  in 
nulla. 

Des, ^The  specimen  is  from  a  fine  grained  semi-granu- 
lar hornblende  schist  with  acid  veins  close  to 
the  conglomerate  series.  The  specimen  is 
faintly  banded ;  the  lighter  indefinite  bands 
contain  large  poecilitic  plates  of  greenish 
augite.  There  is  much  sphene  dust  and  a 
little  muscovite.     No  Ilmenite. 

No.  15.     (Jj/4r)3).     />)r.— Seven    furlongs    oast  of   a 
3071  close  to  conglomerate  series. 

Pes, — This  is  an  acid  intrusive  vein  or  band  in  horn- 
blende schist  consisting  of  quartz,  decomposed 
felspar  and  plates  of  colourless  to  greenish 
augite  with  some  pyrites  and  a  very  yellow 
epidote  (?).  No  Ilmenite. 
No.  17.  (Ji/346).  Lor.— On  rise  3.J  furlongs  W.  of 
Chikkalhalli.  It  is  about  two  hundred  yards 
away  fron\  the  conglomerate  series,  l)ut  the 
banding  of  the  schists  is  probably  due  to  the 
latter. 

7)^5, — A  coarse  hornblende  schistwith  numerous  light- 
er bands  consisting  of  granular  quartz,  felspar 
and  pale  green  augite.  A  little  muscovite  and 
calcite  present  and  much  granular  sphene 
No.  Ilmenite. 

No.  18.  (Ji/372).  Xoc— At  the  base  of  northern  spur 
of  Yerrakonda  at  junction  of  schist  and  con- 
f^lomerate  series.  A  shaft  has  been  sunk  here 
and  specimen  is  from  dump. 

j)^f — An  indefinite  schist  consisting  of  ragged  scales  of 
hornblende  in  a  ground  mass  of  fine  felspar 
and  quartz  with  much  sphene  dust.  In  this 
there  are  large  patches  and  streaks  of  coarser 
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quartz  anil  felspar  with  much  pale  green 
augite,  granalar  sphene,  and  pyrites.  Xo 
Ilnienite. 

No.  19.  (Ji/4i><)).  LiK.—Fhree  furlongs  S.  E.  of  a 
3359  (Yerrakonda).  Schist  in  contact  with 
conglomerate  series  which  here  contains  much 
pegmatite. 

Des. — The  schist  appears  to  have  l>een  an  amphibolite 
originally.  It  is  now  veined  in  places  with 
epidote  and  shows  much  sphene  dust  and  no 

ilmenite.  There  are  patches  of  verj*  coarse 
augite,  quartz,  felspar  and  sphene  which 
appear  to  be  due  to  the  influence  of  pegmatite 
veins. 

No.  25.  (Ji/515).  Loc. — In  western  branch  of  nulla 
2J  furlongs  N.  N.  W.  of  Attinatam.  13and  of 
banded  schist  in  conglomerate  series 

I)es, — Fine  hornblende  schist  with  plenty  of  granular 
sphene  and  no  ilmenite.  In  this  are  indefinite 
bands  full  of  pale  green  augites  in  groups  of 
optically  continuous  patches  with  felspar, 
quartz  and  pyrites. 

No.  2G.  (Ji/517).  Loc— One  furlong  west  of  Tedda- 
GoUapalli. 

Des. — A  greenish  band  in  the  conglomerate  series  con- 
sisting of  granular  aplite  with  grains  of  pale 
augite,  epidote  and  sphene  and  patch}'  crystals 
of  very  blue  green  hornblende. 

No.  28.  (Ji/541).  /^oc— One  and  a  half  furlongs  west 
of  Gollapalli.  Close  to  conglomerate  series 
which  contains  much  pegmatite  and  aplite. 

Pes, — Coarse  schist  with  pitted  surface;  consists  of 
large  greenish  augites,  granular  to  poecilitic, 
with  granular  quartz  and  felspar  between,  some 
green   hornblende  some  of  which  is  derived 
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from  the  augite.  Granular  sphene,  epidote 
and  calcite  present.     No  Ilmenite. 

No.  31.  (Ji/570).  Loc. — East  flank  of  Mallapakonda 
ridge;  3  furlongs  S.  W.  of  Kodiganpalli. 

Des, — Banded  hornblende  schist  close  to  conglomerate 
series,  banding  probably  due  to  latter.  The 
bands  are  full  of  pale  green  augite  in  poecilitic 
patches  with  epidote,  quartz,  felspar,  granular 
sphene  and  pyrites.  These  lighter  bands  arc 
almost  gmnuhtic  in  texture. 

No.  32.  (Ji/57G).  Loc. — Two  furlongs  east  of  Bura- 
galpalli. 

De$, — A  patch  of  banded  hornblende  schist  lying  in  the 
conglomerate  series.  In  the  lighter  bands 
(and  to  a  less  extent  in  the  darker  bands)  there 
is  much  greenish  augite  some  of  which  has 
altered  into  blue  green  hornblende.  Much 
calcite  and  granular  sphene  present.  Ilmenite 
doubtful. 

No.  33.  (Ji/583).  7vOc.— In  a  nulla  34  furlongs 
E.  N.  E.  of  Pedda  Partigunta. 

Des, — Tongue  of  hornblende  schist  in  conglomerate 
series.  The  specimen  consists  of  granular 
quartz  with  hornblende  in  fibrous  to  blade  like 
aggregates  and  much  granular  matter  which 
appears  to  be  epidote  and  augite.  A  good  deal 
of  red  brown  sphene,  calcite  and  brown  mica. 

No.  33.     (Ji/584).     Loc— 150  yards  north  of  Ji/583. 
Des. — Similar  to  Ji/o84,  but  fresher  and  with  much  of 
the  mica  developed. 
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(//)     Sundry  other  specimens  from  the  body  of  tlie  schists. 

No.  3.  (Ji/TD;  Ji/y%;  S^/47).  Z<\-.— Nine  furlongs 
west  of  2804  a  (Madamuthanhalli)  north  ami 
soiitli  biilt»s  of  main  nulla.  Near  the  boundary 
of  the  Patna  granite. 

Dcs, — Fine  hornblende  diabase  with  lathshapi^d  felspars 
and  hornblende  in  ophitic  patches  or  scaly  and 
fibrous  aggregates  (S^/47)  and  showing  small 
spots  or  eyes.  In  the  neighbourhood  of  the 
latter  the  diabase  is  altered  to  a  finely  granular 
rock  containinor  nmch  pale  green  augite,  while 
the  spots  themselves  consist  of  large  crystals 
of  the  same  augite  partly  altered  at  the  edges 
into  solid  green  hornblende  and  associated 
with  quartz,  calcite  and  pyrites  (Ji/79). 

This  was  the  first  specimen  of  the  schists  in  which  augite 
was   noticed   and  it  afforded  a  great   puzzle 
until   the  secondary  character  of  the  augite 
was  recognised,  from  later  work,  as  well  as  its 
association  with  acid  intrusives      It  still  re- 
mains a  very  remarkable  type  and  will  bejir 
further  description.     I  may  state  here  however 
that  even  before  other  evidence  was  obtained 
the    structure   of    this   specimen   seemed  al- 
together against  the  possibility  of  the  augite 
in  these  spots  being  residual  portions  of  the 
original  mineral  from  which  the  hornblende 
of  the  enclosing  mass  was  derived.     It  is  pro- 
bable that  this  curious  structural  and  mineralo- 
gical  alteration  of  the  rock  is  due  to  the  near 
presence  of  the  Patna  granite  and  of  the  peg- 
matite  veins  so  numerous  near  its  boundary. 
The  exact  boundary  is  not  very  clear  as  it  is 
covered  by  much  soil,  but  in  the  main  nulla  a 
little  north  of  where  these  specimens   were 
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taken  there  is  evidence  of  granitic  intrusion 
with  the  production  of  a  coarse  diorite  due  to 
intcr-action  with  the  schists.  I  may  also 
remark  that  the  spots,  which  at  first  were 
regarded  as  of  the  nature  of  aniygdules  are 
seen  in  some  sections  to  tail  out  into  veins  and 
are  probably  of  the  nature  of  knots  in  these 
veins  and  quite  possibly  are  unconnected  with 
any  corresponding  structural  feature  in  the 
original  rock. 

No  4.  (Ji/-218).  Loc. — Two  furlongs  north  of  h  in 
Krishnarajpur,  in  sniall  nulla  running  N.N.W. 

/  08  — A  fine  grained  veined  hornblende  schist  portions 
of  which  are  very  full  of  pale  augite  in  large 
poecilitic  patches  with  an  indefinite  ground- 
mass  of  quartz,  felspar,  fibrous  to  scaly  horn- 
blende and  granules  of  sphene.     No  ilmenite. 

The  specimen  is  not  near  the  granites  bounding  the 
schists,  but  the  extensive  veining  is  an  indica- 
tion of  the  secondary  introduction  of  acid 
material.  As  a  matter  of  fact  granite  and 
pegmatite  are  not  very  far  removed,  as  these 
are  found  intruding  the  mass  of  the  schists 
a  little  further  west  along  the  main  nulla. 

No.  y.  (Ji/'iOO).  Loc. — A  few  yards  east  of  tramway 
crossing  road  north  of  Glen  shaft.  Champion 
Keef. 

Des. — Schist  with  elongated  fibrous  hornblendes  and 
showing  small  quartzosc  stringers  with  pale 
augite  and  a  little  colourless  mica,  much 
sphene  dust  and  no  ilmenite;  evidently  an 
altered  schist  the  augite  being  associated  with 
acid  veinlets.  It  is  however  far  away  from 
any  granite. 
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No.  IJ.  (J^/S).  Loc— Two  furlongs  south  of  Mysoiti 
Mine  boundary  stone  (old  N.  K.  comer)  and 
due  west  of  Edgar's  shaft. 

7>e5. —Hornblende  schist  with  lighter  irregular  vein 
like  patches.  The  hornblende  schist  is  a  fairly 
fine  granular  variety  with  some  ilmenite  alter- 
ing to  sphene. 

The  lighter  patches  are  full  of  large  poecilitic  (ophitic) 
plates  of  pale  green  angite  associated  with 
quartz,  felspar,  calcite,  pyrites  and  sphene  the 
texture  being  almost  granulitic. 

This  is  an  interesting  specimen,  but  it  is  not  near  any 
granite  and  the  only  thing;  to  suggest  altera- 
tion is  its  veined  character  and  mineralooical 

composition.  Taken  alone  it  would  be  a 
puzzling  case  and  the  augitic  portion  which 
is  the  fresher  might  be  considered  as  the 
original  phase.  It  however  falls  completely 
into  line  with  the  general  deductions  of  this 
paper. 

Xo.  20.  (Ji/505;  Ji/507).  Tjoc. — East  and  west  nulla 
5  furlongs  south  of  a  3359. 

jj^^ft, — Irregularly  and  indefinitely  banded  or  veined 
schist  containing  patches  of  hornblende  schist 
lying  between  more  acid  portions  containing 
much  pale  green  augite  with  sphene  grains 
and  dust.  The  augitic  portions  are  practically 
granulitic  in  texture. 

No.  21.  (Ji/387).  Lor.— Kise  about  1  mile  S.  E.  of 
A  3359. 

Dcs, — Very  fine  grained  hornblende  schist  with  wander- 
ing acid  veins  containing  large  angite  grains 
with  calcite  and  specks  of  pyrites. 

No.  29.  (Ji/538).  Loo. —On  east  flank  of  Mallapa- 
konda  ridge,  5  furlongs  west  of  GoUapalli. 
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Des. — Specimen  with  some  small  patches  of  hornblende 
schist  lying  in  a  granular  gronndma^s  of  pale 
green  augite,  quartz  and  felspar  with  some 
sphene  and  pyrites. 

This  might  be  well  regarded  as  an  original  augitic  rock 
and  the  only  thing  to  suggest  secondary  alter- 
ation is  the  presence  of  fine  aplitic  veins,  in 
which  the  augites  and  pyrites  are  more  large- 
ly and  clearly  developed,  and  the  presence  of 
sphene  in  place  of  ilmenito. 


Remai^ktt  on  the  general  oharaoterietloe  of  the 

foregoing  epeoimene. 

The  brief  descriptions  which  I  have  given  of  the  above 
specimens  will,  1  think,  be  sufficient  to  enable  me  to 
draw  attention  to  certain  features  which  they  possess  in 
common  and  by  which  they  are  distinguished  from  the 
niain  mass  of  the  Kolar  S'jhists  It  will  be  seen  from  the 
map  that  a  number  of  specimens  have  been  omitted ; 
these  all  belong  to  more  or  less  distinctly  granulitic  types 
and  an  account  of  them  will  be  given  below  in  a  separate 
section. 

The  specimens  described  above  have  been  divided  into 
Majority'  of  specinens  two  groups  chiefly  for  purposes  of 
near  intnisive  ^anites.  emphacising  the  prevalence  of  augite 
in  the  neighbourhood  of  the  intrusive  granitic  rocks,  in 
comparison  with  the  occurrence  of  that  mineral  in  the 
main  body  of  the  schists  and  this  prevalence  will  be  found 
to  be  still  further  accentuated  when  the  other  specimens 
which  also  occur  in  proximity  to  granito-gneissic  masses 
come  to  be  described.  The  division  into  two  groups,  has 
not  been  made  on  account  of  any  difference,  either 
mineralogical  or  genetic,  between  the  members  of  the  two 
groups,  as  I  do  not  believe  that  any  such  difference  exists. 
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On  tlio  other  hand  it  is  quite  possible  that  if  the  speci- 
mens of  the  "  B  ''  group  were  the  only  ones  in  existence 
the  nature  and  origin  of  the  augite  might  easily  have 
escaped  notice  and  the  mineral  might  have  passed  un- 
considered as   residual  augite  in  casual  acceptance  of  its 
well  known   tendency'   to  pass  over  into  hornblende  and 
of  its  claims  to  be  considered  one  of  the  essential  original 
constituents  of  basic  igneous  rocks.    But  in  the  case  of 
the  majority  of  the  specimens  of  the  *'  A  "  group  the  field 
relations  of  the  augite  to  the  associated  grantes  and  peg- 
matite! are  so  striking  as  to  compel  special  attention  and 
to  lead  one   unhesitatingly  to  the  conviction  that  the 
augite  is  secondary  and  that  its  presence  is  due  to  the 
influence  of  the  acid  intrusives.     From  the  petrological 
similarity  of  the  members  of  the  "  B  "  group  to  those  of 
the  "  A  "  group  I  am  of  opinion  that  the  augite  in  the 
former  must  be  attributed  to  the  same  cause  although  no 
mass  of  acid  intrusive  rock  may  occur  any  where  near  them. 

I  now  propose  to  consider  the  essential  characteristics 

Petroionricai  character     of  these  two  groups  of  Specimens  and 

of  Main  Mass  of  schisu.     j^^^^.  pnrposes  of  comparison  I  shall 

begin  by  alluding  briefly  to  the  petrological  character  of 
the  main  mass  of  the  schists  which,  as  I  have  already 
stated,  do  not  exhibit  these  particular  characteristics. 

The  main  mass  of  schists  is  composed  of  a  series  of 
hornblendic  layers  or  beds  which  are  now  steeply  inclined 
owing  to  folding  and  which  differ  from  one  another  in 
texture.  There  are  all  gradations  from  very  coarse  to 
very  fine  grained  types  and  some  porphyritic  examples. 
A  great  number  of  them  possess  characters  which  are 
generally  recognised  as  those  of  igneous  rocks,  such  .as 
lath  shaped  felspars  and  an  ophitic  relationship  between 
the  hornblende  and  the  felspar.  In  mineral  composition 
they  consist  essentially  of  bluish  green  hornblende, 
plagioclase  felspar  and  ilmenite  with  occasionally  a  little 
quartz. 
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In  stmotnre  a  great  many  of  the  types  coiTespond 
to  diabase,  dolerite  or  basalt  and  it  is  fairly  safe  to  con- 
clude that  the  schists  were  originally  basic  lava  flows 
composed  of  avigite,  plagioclase  and  ilmenito.  Subse- 
quent metamorphisni  has  altered  the  aiigite  completely 
into  hornblende  and  in  many  cases  has  done  little  else 
beyond  imparting  a  slight  schistosity.  In  other  cases 
there  has  been  greater  deformation  producing  highly 
schistose  types  in  which  original  igneous  structures  have 
naturally  been  obliterated  with  the  production  of  diabase 
schists  and  finer  grained  types.  In  these  latter  cases 
there  has  been  fracture  and  comminution  of  crystals  and 
also  a  certain  amount  of  re-crystallization  giving  rise  to 
clear  felspars  crowded  with  hornblende  microliths  also  to 
quirtz  and  possibly  epidote  and  causing  partial  alteration 
of  the  ilmenite  to  leucoxene  and  in  rare  and  perhaps 
doubtful  cases  to  sphene. 

Taken  as  a  whole  however  the  schists  are  still  homo- 

Homoffeiicouk  tyre*       geueourf  rocks  and  consist  of  horn- 
conuifi  no  auffite.  blende,  plagioc'asc  and  ilmenite  with 

in  some  cases  disseminated  grains  of  quartz  and  partial 
alteration  of  the  ilmenite  to  leucoxene.  In  these  rocks 
there  is  not  a  trace  of  augite,  original  or  secondary  and  it 
is  precisely  in  these  homogenous  types  and  especially  in 
those  which  retain  their  original  igneous  structure  that 
we  should  expect  to  find  traces  of  the  original  augite 
were  such  to  be  found  anywhere.  I  conclude  therefore 
that  the  original  augite  of  these  rocks  the  pre-existcnce 
of  wliich  though  hypothetical  is  so  probable  that  it  may 
be  taken  for  granted  l.as  been  completely  converted  into 
hornblende  leaving  not  a  trace  behind. 

Turning  now  to  the  specimens  of  the  groups  "  A  "  dt 

Non.honoffeneous         "  1^>  "  ^^  will  be  obscrvcd  that  almost 
types  with  auffite.  j^]j  ^^[    them  represent  rocks   which 

are  decidedly  not  homogeneous,  but  are  banded,  veined 
or  patchy  and  that  the  augite  present  is  most  clearly 
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related  to  and  most  large'y  developeil  in  the  bands, 
veins  and  patches  and  not  in  those  portions  which  resem- 
ble the  normal  schists  of  the  belt.  There  is  to  my  mind 
no  doubt  that  the  bands,  veins  and  patches  are  secondary 
features  introduced  into  schists  previously  of  normal 
character  and  the  extent  to  which  the  normal  character 
has  been  altered  presents  every  gradation  from  those 
cases  in  which  we  have  normal  schists  (sometimes  show- 
ing original  igneous  structure)  with  merely  small  veins  or 
bands  containing  augite  through  othere  in  which  the  vein- 
ing  and  banding  has  largely  increased  with  inci'ease  of 
augite  and  alteration  of  the  residual  portions  of  horn- 
blende schist  up  to  cases  in  which  large  portions  of  the 
rock  are  augitic  and  with  practically  no  original  hoiii- 
blende  schist  remaining.  From  the  close  association  of 
the  majority  of  the  specimens,  including  the  more  altered 
types,  with  the  conglomerate  series  I  am  of  opinion  that 
the  greater  portion  of  the  banding  and  veining  accom- 
panied by  the  development  of  augite  and  other  mineral 
changes  is  essentially  due  to  the  influence  of  the  intrusive 
granites  and  pegmatites  of  that  series  though  later  acid 
intrusions  have  undoubtedly  also  produced  corresponding 
results. 


Mineral  and  Structural  ohanga«« 


I  will  now  briefly  review  some  of  the  principal  changes 
which  maybe  noted  in  these  altered  rocks  omitting  the  al- 
ready mentioned  fact  of  their  non-homogeneous  character. 

Augite. — This  mineral  which  is  the  most  striking  altei-a- 

tion  product  is  invariably  from  pale 

General  Character.  *    ,  ,  ,         ,        ,  •       f ,  • 

green  to  almost  colourless  m  thm 
sections  and  of  a  light  to  dark  greenish  colour  in  hand 
specimens.  In  no  case  does  the  colour  approach  the  pale 
brownish  to  purple  tints  common  in  the  augites  of  basic 
lava  flows  and  abundantly  represented  on  the  Kolar  Gold 
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Field  in  the  later  dolerite  dykes  which  penetrate  the 
schists.  The  pale  green  augite  of  the  altered  schists  has 
not  at  present  been  analysed  so  that  it  is  impossible  to 
specify  very  definitely  to  what  class  it  may  belong.  It 
will  probably  be  found  to  vary  from  dispoide  to  some  of  the 
lighter  coloured  aluminous  augites ;  occasionally  ompha- 
cite  occurs.     The  alterations  of  the  augite  from  and  to  a 

blue-green  hornblende  (probably  pargasite)  which  are  des- 
cribed below  suggest  that  in  all  probability  much  of  the 
augite  contains  alumina. 

It  is  pra<^ticaUy  obvious  that  the  augite  has  been  formed 

at  the  expense  of  the  hornblende  of 
the  schists  and  it  would  be  an  interest- 
ing  point  to  determine  whether  the.  former  is  a  mere 
re-crystallization  of  the  latter  or  whether  there  has  been 
addition  or  subtraction  of  material.      It  would  also  be 
interesting,  though  I  fear  now  impossible,  to  determine 
the  relationship  of  this  secondary  augite  to  the  original 
augite  of  the  lava  flows  which  have  been  metamorphosed 
into  hornblende  schists.     An  answer  to  this  latter  question 
cannot  be  obtained  unless  some  of  the  original  augite  is 
found  and  so  far  as  my  examination  goes  this  is  not  forth- 
coming.    I  am  inclined  to  think,  however,  from  general 
considerations  that  the  original  augite  must  have  been  a 
pale  variety  with  browniah  to  purple  tints  which  is  so 
common  in  basic    lava    flows  of  diabasic  and   basaltic 
character ;  in  fact  I  do  not  know  of  any  large  examples  of 
diabase  or  basalt  flows  in  which  the  original  augits  is  of  a 
greenish  tmge  rather  than  of  a  pale  brownish  colour.    This 
is  a  point  on  which  I  stand  open  to  correction  and  on 
which  I  should  be  glad  of  further  information  though  it  is 
not  of  any  importance  to  the  present  paper.     Assuming 
however  that  the  change  from  the  original  augite  to  the 
present  hornblende  of  the  schists  was  essentially  a  para- 
morphic  change,  as  the  preservation  of  original  structure 
and  the  lack  of  other  alteration  products  in  many  cases 
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.sc-eius  to  indicate,  it  might  I 
cliciuical  composition  of  the 
the  existing  hornblende.  Tliii 
done  nor  has  the  composition 
angitc  of  the  altered  schists 
matters  will,  I  hoi»,  receive  ai 
it  may  l>e  pos}>ible  to  add  si 
value  to  tliitj  discussion.  The 
due  to  micL'oscopic  eKaminatioi 
which  at-e  striking  and  inter 
development  of  secondary  augi 
in  these  rocks,  to  the  introduc 
ojisily  lend  one  to  suppose  tl: 
iiugitc  would  tend  to  be  more 
lilende  from  which  it  has  been 
all  the  more  probable  when  it ; 
augites  are  not  by  any  means 
the  hornblende  grains  or  crjst 
structed  entities.  To  prove  t-. 
l(K)k  at  the  contrast  between  i 
the  individual  hornblendes  in 
clLiiuiing  any  universality  for  t 
is  the  rule  that  the  aiigites  i 
portions  of  wpecimens  are  vei 
hornhlendea  in  the  unaltered  p< 
Xot  only  is  this  the  case  but  tli 
IMwcilitio  or  ophitic  structure 
wanting  in  the  adjacent  hornbl 
will  refer  to  again,  but  for  tli 
note  that  the  hornblende  in  |i 
material  and  under  the  iufluem; 
has  been  resolved  into  its  compoi 
iwssessed  sufficient  mobility  to 
or  .segregate  under  cryslallizinj. 
utigitcs  the  dimensions  of  whit 
of  those  of  the  rc^jolved  borubli 
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ting  ti'ansfoi'uiation  and  the  conditions  under  which  it  has 
taken  place  call  for  further  comment,  but  for  the  moment 
I  am  only    concerned    with   possible  changes  in  com- 
position  from  the   resolution   of  the  hornblende  to  the 
construction  of  the  augite.     It  would  seem  most  probable 
that  as  this  transformation  occurs  at  the  time  of,  and  as  a 
consequence  of,  the  introduction  of  acid  materials  in   a 
heated  condition  the  augite  so  produce  would  be  of  more 
acid  composition  than   the  hornblendes,   unless  during 
re-crystallization  such  acid  material  may  have  been  again 
rejected.     Even  with  this  latter,  supposition  it  must  still 
be  conceded  that  the  menstruum  from  which  the  pale 
green  secondary  augite  has  separated    was  undoubtedly 
more  acid  than  the  magma  from  which  the  original  augite 
of  the    lava  flows  crystallized  and   it   is  an   interesting 
question  as  to  whether  this  secondary  augite  is  similar  in 
composition  to  the  original  augite  or  not,  and  if  it   is 
whether  it  possesses  similar  physical  characters.     Tn  other 
words  was  the  original  augite  pale  green  or  is  the  secon- 
dary a'lgite  of  different  composition  or  merely  of  diflferent 
colour  to  its  ancestor.     Part  of  this  question  will,  I  hope, 
1x5  answered  by  caref  il  analyses  of  the  hornblendes  and 
of  the  secondary  augites,  but  I  have  laid  some  stress  on 
the  point  here  partly  because  I  have  a  fancy  that  the 
original  augite  was  not  green  and  because  I  should  expect 
the  secondary  augite  to  be  more  acid  than  the  original  and 
partly  because  there  is  some  microscopic  evidence  that 
conflicts  with  this  latter  notion  by  apparently  indicating 
that  the  change  of  composition  has  been  insignificant. 
This  evidence  relates  to  the  fact  that  the  secondary  pale 
Reversion  of  Mcondary    grccu  augitc  has  to  a  Variable  extent 
nuffite  to  Hornblende.        reverted  to  hornblende  and  the  strik- 
ing feature  of  this  reversion  is  that  the  hornblende  so 
produced   is  as  a  rule  microscopically  indistinguishable 
from  the  hornblende  of  the  unaltered  schists  which  latter 
is  presumed  to  be  the  result  of  paramorpl.i.  in  of  some 
original  augite.     In  other  words  the  hornblende  which 
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from  microscopical  evidence  is  clearly  the  result  of  altera- 
tion of  grains  of  secondary  augite  is  of  the  same  blaish 
green  colour  and  general  optical  properties  as  the  bluish 
green  hornblendes  of  the  unaltered  portions  of  the  schists 
from  which  the  secondary  augite  must  have  been  derived. 
This  would  seem  to  show  that  the  secondary  augite  is  of 
similar  ultimate  composition  to  the  hornblende  which 
yielded  the  materials  for  its  formation  and  suggests  the 
possibility  that  the  original  augite  with  its  derivative 
hornblende  (often  merely  a  paramorphic  change)  as  well 
as  the  secondary  augite  and  the  hornblende  into  which  it 
has  partially  (and  paramorphically)  altered  are  all  of  the 
same  ultimate  composition.  If  not  it  is  difficult  to  explain 
the  similarity  of  the  two  hornblendes  and  we  should  be 
obliged  to  admit  the  existence  of  two  species  of  horn- 
blendes of  similar  appearance  but  of  different  composition. 

If,  on  the  other  hand,  the  composition  is  regarded  as 
being  identical  in  the  two  cases  the  arguments  w^ould  at 
the  same  time  tend  to  prove  that  the  secondary  augite 
and  the  original  augite  were  of  the  same  composition  and 
if  this  implies  that  they  were  of  the  same  physical  appear- 
ance we  should  thus  get  back  to  a  series  of  basic  lava  flows 
of  diabasic  character  in  which  the  augite  was  of  a  pale 
green  colour.  Of  course  there  is  no  proof  in  all  this,  it  is 
chiefly  surmise  and  we  do  not  know  enough  even  about 
the  so-called  paramorphic  alteration  of  augite  to  horn- 
blende to  enable  us  to  diaw  conclusions  as  to  w*hat 
changes  in  composition  occur  if  any.  Again,  even  admit- 
ting the  original  and  secondary  augites  to  be  of  practically 
similar  composition,  there  is  no  guarantee  that  the  colour, 
which  may  depend  on  molecular  arrangement  or  on  small 
quantities  of  imparities  or  accessory  constituents,  would 
be  the  same  in  the  two  cases.  Notwithstanding  all  this 
uncertainty,  it  is,  I  think,  both  interesting  and  worthy  of 
marked  attention  that  the  hornblende  into  which  the 
secondary  augite  has  partially  altered  is  apparently  the 
biimc  mineral  as  the  hornbleudc  fro'u  which  the  secondary 
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augite  has  been  derived,  in  spite  of  the  uietauiorphic 
changes  which  have  intervened  between  the  formation 
of  the  one  and  the  other  and  it  is  farther  an  important 
piece  of  evidence  in  connection  with  the  so-called  para- 
morphic  change  of  hornblende  to  augite  about  which, 
especially  in  regard  to  chemical  composition,  there  is  still 
so  much  uncertainty.  A  certain  amount  of  direct  inform- 
ation  may  possibly  be  obtainable  from  chemical  analyses, 
but  it  is  not  easy  to  secure  satisfactory  analyses  owing  to 
the  difficulty  of  separating  augite  from  hornblende 
especially  when  the  two  are  united  in  individual  mineral 
gmnules. 

After  this  digression  it  may  be  well  to  briefly  review 
the  more  obvious  changes  which  have  been  noted  in  con- 
nection with  this  remetamorphism  of  a  crystalline  schist. 

We  start  with  lava  flows  of  diabasic  to  basaltic  character 
in  which  the  presence  of  augite  is  assumed.  These  under 
the  influence  of  pressure,  and  possibly  of  other  wide- 
spread aids  to  metamorphism,  have  been  altered  into 
hornblendic  rocks  in  which  the  hornblende  sometimes 
retains  the  stmcture  of  the  parent  augite  and  sometimes 
is  merely  a  distributed  and  re-crystallized  representative  of 
the  same;  the  general  appearance  of  the  hornblende, 
which  we  may  designate  by  the  letter  a,  is  in  nearly  all 
cases  the  same  and  is  characterised  by  the  prevalence  of 
bluish  green  tints  under  the  microscope.  We  have  as  a 
result  a  series  of  metamorphic  holocrystalline  rocks  of 
variable  texture  and  schistosity. 

Locally,  in  the  neighbourhood  of  intrusive  acid  material, 
these  rocks  become  altered  with  the  production  of  pale 
green  augite  (B)  from  the  existing  hornblende,  the  augite 
grains  or  crystals  so  produced  being  so  far  as  I  know, 
structurally  unrelated  to  the  hornblende  Subsequently 
the  pale  green  augite  has  been  partially  reconverted  into 
b  hornblende  of  apparently  the  same  character  as  the  a 
hornblende,  the  b  hornblende  being  as  a  rule  obviouslv 
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instead  of  lath  shaped  felspars  and  so  I  have  used  the 
more  general  term  "poeciUtic."  Now  the  ophitic  struc- 
ture of  augite  has  long  been  regarded  as  a  sort  of  hall 
mark  for  a  rock  which  has  crystallized  from  a  condition  of 
igneous  fusion  and  the  question  at  once  arises  whether  the 
secondary  augite  which  I  am  describing  must  also  be  con- 
sidered as  having  crystallized  from  a  fused  magma  or 
whether  our  views  on  the  significance  of  the  structure 
require  modification.  I  am  unable  at  present  to  give  a 
definite  answer  to  the  question,  but  there  are  some  im- 
portant considerations  involved  a  reference  to  which  should 
I  think  prove  interesting  and  useful. 

I  have  said  that  the  augite  is  developed  in  connection 
If  fltructure  due  to         with  igueous  intrusions  and  were  this 
'"^•"  ^  to  mean  that  some  of  the  schist  had 

been  fused  up  and  the  augite  crystallized  from  the  magma 
so  produced  the  development  of  an  ophitic  structure 
would  be  regarded  as  a  natural  and  not  unexpected 
sequence  of  events.  Before  accepting  such  a  view  we 
must  recollect  that  the  intrusive  material  is  in  this  case 
of  a  granitic  character  and  is  frequently  of  the  aplite 
or  pegmatite  types  which  are  regarded  as  being  the  later 
emanations  from  a  cooling  granatic  magma.  The  whole 
magma  and  more  especially  the  later  emanations  are  gene- 
rally regarded  as  products  of  aquseo-igneous  fusion  to  a 
much  greater  extent  than  is  the  case  with  the  basic  rocks 
and  in  the  case  of  the  pegmatites  the  aqusBOUs  element  is 
generally  supposed  to  play  a  most  important  part  so  much 
so  that  it  is  doubtful  whether  the  more  suitable  designa- 
tion would  be  '  solution'  or  'fusion*.  Whichever  it  be,  I 
see  no  reason  why  the  augite  should  not  crystallize  out 
in  ophitic  or  poecilitic  plates  just  as  micropegmatite  forms 
in  the  case  of  quartz  and  felspar  so  long  as  the  materials 
and  conditions  for  the  formation  of  augite  exist  and  that 
such  may  exist  in  acid  magmas  there  is  no  doubt.  It  is 
however  well  to  bear  in  mind  that  the  conditions  under 
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which  the  structure  of  this  secondary  augite  has  been 
developed  must  differ  considerably  from  those  obtaining 
in  the  more  basic  rocks  and  to  bring  to  notice  the 
existence  of  the  structure  under  novel  circumstances.  This 
will  be  still  further  emphacised  when  I  come  to  deal  with 
the  special  association  of  quartz  with  the  secondary 
augites. 

To  return  to  the  question  of  the  possible  fusion  or 
fetA  ckaractw  •#  tte    hydrothermal  solution  of  portions  of 
tiiMtf  pf44«ui.  ^jjQ  schist  as  affording  an  explana- 

tion of  the  origin  of  the  augite  it  must  be  noted  that  the 
action,  whatever  its  precise  nature,  has  been  very  local. 
In  most  cases  the  augite  is  confined  lo  the  veins  or  bands 
of  acid  material  or  to  their  immediate  neighbourhood 
leaving  the  rest  of  the  schist  unaltered.  It  is  not  there- 
fore a  case  of  the  mass  of  the  schist  havin^  been  raised  to 
a  temperature  at  which  the  hornblende  would  melt  and  it 
is  very  doubtful  if  the  acid  veins  which  in  some  case  are 
very  minute  would  be  sufficient  to  produce  any  real  melt- 
ing at  all  especially  when  far  removed  from  any  granitic 
mass  as  in  the  case  of  the  B  series  of  specimens.  Also  it 
seems  certain  that  the  augite  is  quite  locally  derived  and 
has  not  travelled  far,  in  other  words  that  the  whole  trans- 
formation from  hornblende  to  augite  has  been  a  local 
alteration  and  that  the  augite  is  not  the  result  of  crystal- 
lization from  a  magma  which  has  penetrated  the  schist  in 
veins  and  brought  with  it  the  material  for  such  crystalli- 
zation from  some  place  where  the  schist  had  suffered 
complete  fusion.  This  is  borne  out  by  the  intercrystalliza- 
tion  of  minerals  at  the  edges  of  the  bands  and  veins  and 
by  the  localisation  in  many  cases  of  the  augite  along  the 
edges  of  the  schist  walls  instead  of  its  being  distributed 
through  the  mass  of  the  intrusive  material.  The  change 
is  therefore  a  local  alteration  in  which  some  hornblende 
has  been  absorbed  or  resolved  and  has  again  segregated  out 
in  the  form  of  augite  in  larger  units  and  often  with  an 
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ophitic  or  poecilitic  stractnre  and  it  most  be  admitted  that 
the  conditions  nnder  which  this  stractnre  has  developed 
are  very  different  to  those  under  which  the  structure  arises 
in  a  cooling  basic  lava. 

I  now  pass  on  to  some  other  mineral  changes  which 
accompany  the  formation  of  the  secondary  augite  and  the 
introduction  of  acid  material. 

I I  men  He  and  Sphene.^ln  the  unaltered  schists  ilmenite 
is  always  present  and  is  sometimes  partially  altered  to 
leucozene.  In  rare  cases  I  have  noticed  a  tendency  for 
sphene  to  form  at  the  borders  of  the  ilmenite  grains,  but 
this  has  been  only  in  the  more  highly  crushed  schists  in 
which  there  has  probably  been  much  recrystallization 
with  separation  of  qaartz.  When  we  come  to  the  altered 
schists  into  which  extraneous  acid  material  has  been  intro- 
duced, we  find  that  ilmenite  is  practically  wanting  and 
that  its  place  is  taken  by  sphene  which  occars  as  fine 
dust  or  as  smaller  or  larger  grains.  Occasionally  in  the 
less  altered  portions  of  specimens  a  little  ilmenite  is  found 
or  small  specks  of  it  may  be  noticed  in  the  centres  of 
grains  of  sphene  and  there  is  no  doubt  that  much  of  the 
sphene  is  simply  due  to  alteration  of  pre-existing  grains 
of  ilmenite.  In  other  cases  re-distribution  may  have 
occurred  and  in  some  cases  I  think  that  additional  sphene 
has  been  introduced  with  the  granitic  intrusions.  The 
essential  point  however  is  that  in  the  altered  schist  ilme* 
nite  is  replaced  by  sphene. 

Pyrites. — The  unaltered  schists  are  almost  devoid  of 
this  mineral  or  rather  the  mineral  has  not  been  observed 
in  the  field  and  only  rarely  under  the  microscope  though 
carefully  looked  for.  It  is  quite  probable  however  that  a 
little  pyrities  does  exist  in  the  unaltered  schists,  as  analyses 
show  the  presence  of  a  little  sulphur,  or  at  any  rate  that  it 
did  exist  in  the  original  lavas.  Pyrites  may  be  noticed  in 
the  later  dolerite  dykes  which  traverse  the  schists  and  in 
these  the  presence  of  sulphur  is  revealed  by  analysis  and 
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the  unaltered  schists  are  not  much  different  in  general 
composition  to  the  later  dolerite  dykes.  Notwithstanding 
this  it  is  still  true  to  say  that  pyrites  is  scarcely  noticeable 
in  the  unaltered  schists. 

In  the  case  of  the  altered  schists  it  is  otherwise,  pyrites 
being  frequently  observed  in  the  more  acid  bands  and 
veins  associated  with  the  secondary  augite  as  well  as  in 
the  schists  close  alongside.  Sometimes  when  p3aites  is 
present  sphene  is  wanting,  but  this  is  not  always  so. 
Although  so  clearly  associated  with  the  intrusive  material, 
I  am  not  certain  whether  the  pyrites  should  be  regarded 
as  a  segregation  product  from  the  schists  or  as  an  intro- 
duced mineral  from  the  acid  rocks.  I  think  the  latter 
view  the  more  probable  and  we  sometimes  find  pyrites 
developed  in  the  pegmatites  of  the  granite  and  gneiss 
away  from  the  schists.  Sometimes  however  the  specks  of 
black  iron  ore  in  altered  schist  appear  to  be  partially 
altered  to  pyrites. 

Calcite. — This  occurs  sparingly  in  the  unaltered  schists 
and  then  only  as  microscopic  alteration  products  of  the 
lime-soda  felspars.  In  the  altered  schists,  though  not 
always  present  it  is  frequently  a  conspicuous  constituent 
and  probably  results  from  the  action  of.  carbonic  acid 
emanations  from  the  intruding  granitic  material     The 

unaltered  schists  contain  a  high  percentage  of  lime  (about 
12%)  and  the  secondary  productions  of  calcite  is  a  form 
of  alteration  which  would  be  naturally  expected. 

Efddote, — Epidote  is  a  common  alteration  product  of 
the  schists.  It  occurs  in  association  with  altered  and 
probably  re-crystallised  felspar  and  also  in  minute  veins 
traversing  the  schist.  It  is  however  rarely  seen  in  the 
more  homogeneous  types  but  where  the  schists  are  banded 
or  veined  the  development  of  epidote  is  of  common  occur- 
rence and  it  is  particularly  associated  with  the  altered 
schists  containing  augite.  From  a  mineralogical  point  of 
view  the  epidote  is  interesting.    Occasionally  it  is  pleo- 
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chroic  with  strong  yellow  to  colourless  tints;  sometiroes  it 
approaches  ordinary  pistacite  of  yellowish  green  colour  in 
sections,  but  most  frequently  it  is  whitish  grey  in  colour 
with  strikingly  weak  double  refraction  giving  bluish  grey 
to  honey  yellow  tints  in  polarized  light.  There  seems  to 
be  quite  a  series  of  these  epidotes  with  marked  gradations 
in  optical  properties  and  doubtless  with  corresponding 
changes  in  chemical  composition  and  I  have  no  doubt 
that  an  independent  study  of  them  would  prove  of  interest. 
Zoisite  has  not  been  observed  with  certainty  but  some  of 
the  minerals  noted  very  probably  correspond  to  clinozoisite. 

Mica. — This  mineral  is  not  a  constituent  of  the  unal- 
tered schists,  but  it  is  a  frequent  alteration  product  in  the 
neighbourhood  of  intrusive  granites.  I  do  not  propose  to 
refer  here  to  the  larger  examples  where,  as  a  result  of 
such  alteration,  micaceous  schists  have  been  produced, 
but  to  confine  myself  to  the  association  of  mica  with  local 
alterations  containing  augite.  In  several  of  the  specimens 
described  above  the  presence  of  mica  may  be  noted. 
Sometimes  this  is  a  white  mica  which  is  rot  of  particular 
interest  and  is  probably  a  constituent  introduced  with  the 
granitic  material.  Sometimes  also  a  green  mica  occurs 
which  seems  to  be  an  alteration  product  of  the  hornblende 
and  which  may  occur  elsewhere  if  closely  looked  for  and 
there  is  also  occasionally  present  ordinary  black  biotite 
similar  to  the  biotite  of  the  adjacent  gneiss.  The  particular 
mica  to  which  I  wish  to  draw  attention  here  is  of  a  bronzy 
colour  with  reddish  brown  tints  in  thin  sections  which 
occurs  in  some  of  the  specimens  already  described  and 
which  is  most  probably  the  result  of  the  action  of  the 
intrusive  acid  material  on  some  of  the  hornblende  of  the 
schists.  I  merely  note  its  occurrence  as  one  of  the 
characteristic  minerals  associated  with  the  altered  augitic 
types  of  the  schists. 

Garnet — This  likewise  is  not  f<  und  in  the  unaltered 
types  and  it  does  not  happen  to  occur  amonget  the  speci- 
n)ens  which  I  have  already  described.    Nevertheless  it  is 
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to  be  found  in  several  localities  clearly  associated  with  acid 
intrusions  into  the  schists  and  sometimes  associated  with 
the  secondary  pale  green  augite. 

Apatite, — I  have  very  rarely  noticed  apatite  in  the 
unaltered  schists  and  it  is  very  inconspicuous.  In  one  of 
the  altered  specimens  described  above  apatite  is  abun- 
dantly present  and  other  instances  could  be  adduced 
showing  the  association  of  apatite  with  intrusive  granitic 
material.  The  mineral  is  a  constituent  of  the  surrounding 
gneiss  and  is  probably  introduced  into  the  altered  schists 
from  this  source. 


llttO«|Mtul«tlon« 

In  the  preceding  section  my  principal  object  has  been 
to  bring  to  notice  the  formation  of  augite  from  hornblende 
as  a  particular  case  of  the  contact  metamorphism  of  horn- 
blende schist  by  intrusive  granite  and  its  subsquent 
emanations. 

I  have  endeavourf^d  to  show  that  the  schists  are  for  the 
most  part  homogeneous  metamorphic  representatives  of 
basic  lava  flows  of  diabasic  to  basaltic  character  which  in 
the  neighbourhood  of  certain  granitic  gneisses  become  in 
places  banded  and  veined  with  acid  material  and  are  also 
found  as  altered  inclusions  in  the  Lody  of  the  gneiss.  The 
field  evidence  appeara  to  me  to  point  clearly  to  the  gneiss 
being  intrusive  with  regard  to  the  schists.  The  micros- 
copic evidence  is  still  more  reiuarkable. 

The  most  striking  feature  of  the  alteration  which  has 
resulted  from  the  banding  and  veining  of  the  schists  is 
the  local  formation  of  a  secondary  pale  green  augite  from 
the  hornblendic  material  of  the  schist;  this  augite  posses- 
ses frequently  an  ophitic  or  pcecilitic  structure  and  fre- 
quently tends  to  occur  in  rounded  granules;  it  also  exhibits 
a  marked  tendency  to  revert  to  hornblende  which  is 
apparently  of  similar  character  to  the  original  hornblende. 
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The  other  mineral  changes  which  have  been  noted  tend 
to  emphacise  the  veiw  that  we  are  dealing  with  altered 
forms  of  the  schists  and  are  of  such  character  as  to  bear 
out  the  contention  that  such  alteration  i«  the  result  of 
contact  metamorphism  in  the  presence  of  granitic  intru- 
sions.   These  changes  are  briefly  as  follows : — 

(1)  The  alteration  of  ilmenite  to  sphene. 

(2)  The  introduction  or  developn^ent  of  pyrites. 

(3)  The  production  of  calcite  bearing  in  mind  the 

large  amount  of  line  in  the  schists. 

(4)  The  production  of  epidote. 

(5)  The  introduction  of  white  mica  and  biotite  and 

the  production  of  a  bronze  coloured  mica 
locally. 

(6)  The  development  of  garnet. 

(7)  The  introduction  of  apatite. 
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II. — Association  op  auoite  with  thb  gold  bearing 

QUABTZ  REEFS  OF  KOLAR. 


I  now  pass  to  the  consideration  of  the  occarrence  of 
angite  in  association  with  the  gold  bearing  quartz  reefs  of 
the  Kolar  Field  and  the  evidence  to  be  adduced,  though 
simply  a  corrollary  of  the  proceeding  section,  is  in  some 
respect  more  striking  than  the  former,  so  far  as  concerns 
the  secondary  nature  of  the  augite.  A  consideration  of  the 
few  cases  of  the  occurrence  of  augite  in  the  Kolar  Schists 
which  I  had  discovered  in  the  year  1899,  suggested  to  me 
the  idea  that  possibly  the  augite  was  of  secondary  origin, 
as  I  was  unable  to  satisfactorily  regard  the  occurrence  of 
this  mineral  as  representing  residual  portions  of  the  origi- 
nal  augite  of  the  lava  flows.  Further,  the  association  of 
the  mineral  with  acid  material,  which  I  had  already  begun 
to  regard  as  of  an  intrusive  nature,  and  in  particular  with 
aplitic  and  pegmatitic  forms  of  such  material  suggested  to 
me  the  idea  that,  if  the  quartz  reefs  of  the  Qo\A  Field  were 
of  similar  origin  to  these  latter  emanations  they  might 
possibly  afford  similar  indications  of  re-action  with  the 
hornblende  schist  in  the  development  of  secondary  augite. 

With  this  idea  I  visited  several  of  the  mines  and  ex* 
SMMdary  a«t<i«  amined  the  quartz  reefs  with  the  result 

abmndaBt.  that  I  was  surprised  and  satisfied  to 

find  a  pale  green  augite,  quite  similar  to  that  previously 
described,  extensively  developed  near  the  border  of  the 
larger  quartz  veins  and  in  abundance  where  great  numbers 
of  thin  quartz  veins  penetrate  the  schists  producing 
therein  a  banded  structure.  Since  that  time  I  have  come 
to  the  conclusion  that  this  pale  green  augite  is  far  excels 
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lence  the  characteristic  mineral  associate  of  the  quartz 
reefs  of  the  Kolar  Gold  Field.  Go  where  one  will  the 
mineral  may  be  found  in  comparative  abundance  and 
though  it  is  less  conspicuous  where  the  guailz  is  in  wide 
and  solid  bodies,  being  confined  to  the  edges  close  to  the 
schist,  it  is  almost  continuously  present  and  where  the 
reefs  split  up  into  a  number  of  thin  veins  or  bands  it  is  so 
abundant  as  sometimes  to  form  the  principal  constituent 
thereof  and  is  undoubtedly  the  principal  feature,  though 
not  the  one  most  widely  recognized,  of  what  the  miners 
call  "  lody  matter." 

For  purposes  of  illustration  and  of  comparison  I  give 
the  description  of  a  few  specimens. 


D«soi*lptlon  of  Sp«olm#ns. 


The  following  four  specimens  show  the  mineral  changes 
which  have  taken  place  in  the  schist  in  and  close  to  the 
lode. 

No.  S/39.  Locality. — Ooregum  Mine.  Cross  cut  going 
west  from  1060  ft.  level  Taylor's  to  Oakley's 
shaft ;  Schist  on  E  side  of  level.  The  level 
contains  lode  matter  consisting  cf  more  or  less 
parallel  bands  of  quartz  and  schist. 

'Description. — Hornblende  schist  consisting  of  finely 
granular  quartz  and  felspar  with  small  blue- 
green  hornblendes  and  larger  ragged  and  patchy 
crystals  of  the  same.  Numerous  small  specks 
of  ilmenite  partly  altered  to  sphene  and  partly 
altered  to,  or  associated  with,  pyrite. 

No.  S/40.  Loc— Same  as  S/39  but  from  lode  matter  in 
the  level. 

Det. — ^Hornblende  schist  with  many  small  veins  of 

granular  quartz.    Bits  of  the  schist  are  similar 
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to  S/39  save  that  ilmenite  is  practically  absent. 
The  qaartz  veins  contain  ophitic  plates  and 
granular  patches  of  pale  green  angite,  large 
elongated  grains  of  calcite  and  plenty  of  pyrites 
and  sphene.  The  schist  bordering  the  veins 
has  been  largerly  converted  into  the  same 
minerals. 

No.  S/41.  r.oc — Same  as  above ;  the  specimen  is  taken 
from  the  schist  on  the  west  side  of  the  lode. 

Des, — Hornblende  schist  more  nniform  in  texture 
than  S/39  containing  sphene  with  a  few  specks 
of  ilmenite  and  pyrites ;  this  is  traversed  by 
well  marked  veins  of  quartz  containing  much 
pyrites  and  some  fragments  of  hornblende. 

Augite  and  calcite  not  present. 

No.  S/42.  Loc,— Same  as  above ;  spechnen  taken  from 
schist  20  feet  west  of  level* 

Des.  —Hornblende  schist  with  very  abundant  fea- 
thery and  tufted  hornblendes   and    speckled 

freely  with  ilmenite. 

No  sphene  or  pyrites  present. 

No.  S/63.  Loc. — The  following  three  slides  a,  5,  and  c  are 
from  a  specimen  of  lody  matter  from  end  of 
No.  1  E  1060  foot  level,  Walworth's,  Ooregum 
mine.  The  specimen  consists  of  hornblende 
schist  banded  with  augite  quartz  and  bronze 
mica. 

No.  S/63a.  Dea. — Hornblende  schist  with  much  gra- 
nular sphene,  some  epidote,  a  little  bronze  mica, 
much  pyrites  and  no  ilmenite. 

No.  S/636.  7>es. — One  of  the  augite  bands,  the  slide 
shows  a  little  of  the  same  schist  as  Sl63a  the 
remainder  being  very  large  plates  of  pale  green 
augite  containing  numerous  granules  of  sphene, 
epidote  and  pyrites  as  well  as  cloudy  alteration 
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prodacts  and  showing  a  little  alteration  to 
hornblende  in  places.  There  is  a  little  quartz 
between  some  of  the  augites. 

No.  S/63c.  Dee, — Part  of  one  of  the  quartz  bands. 
The  slides  contains  large  augites  similar  to 
S/63b  and  also  much  quartz  and  some  calcite. 
In  streaks  in  the  quartz  are  aggregate  of  augite 
grains  partly  changed  to  hornblende  as  well  as 
epidote,  calcite^  sphene  and  pyrites. 

In  the  above  three  slides  the  bands  or  veins  are  not 
sharply  defined,  but  pass  gradually  from  one 
variety  to  another. 

No.  S/64.    ioc— From  the  East  Keef  1410  foot  level 
north  of  Taylor's ;  Ooregum  Mine. 

Des, — ^Hornblende  schist  with  quartz  veins.  The 
slides  show  coarse  grained  irregular  veins  of 
quartz  associated  with  large  plates  of  pale 
green  augite  which  enclose  granular  patches 
and  stringers  of  quartz  and  felspar.  This 
augite  has  partly  reverted  to  bluish  green 
hornblende. 

The  slides  also  show  more  granular  areas  containing 
greener  augite  (approaching  omphacite)  with  much  brow- 
nish pink  garnet,  epidote,  calcite,  tourmaline  and  topaz, 
a  little  pyrites  and  some  sphene  as  well  as  quartz  and 
plagioclase. 

No.  S/93.    Xoc— Schist  on  footwall  of  lode  60  feet  South 
of  Taylor's  ;  1740  feet  level ;  Nundydroog  Mine. 

Des, — Amphibolite  consisting  of  small  compact 
hornblende  crystals  with  pyrites.  This  is  tra- 
versed by  bands  of  large  pale  green  augites 
with  brownish  pink  garnets  and  some  calcite 
and  bronze  mica.  No  quartz  visible  in  the 
slide. 
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No.  S/97.    Loc.—Lode  100   feet   south  of  Bibbleedale's 
abaft  1140  ft.  level ;  Champion  Beef  Mine. 
Des. — This  is  part  of  the  lode  which  contains  na« 
nierous  breciated   fragments  of  schist.   The 
schist  fragments  are  amphibolite  and  consist 
of  greenish  coloured  actinolite.  This  actinolite 
is  much  paler  than  the  usual  blue-green  horn- 
blende of  the  schists  and  though  it  is  possible 
that  it  may  represent  a  particular  variety  of 
the  schist  it  is  very  probable  that  it  is  a  com- 
pletely re-crystallized  alteration  or  secondary 
product  therefore.    I  take  this  view  partly 
because  it  does  not  now  exhibit  any  alteration 
into  augite  although  the  fragments  lie  right 
in  the  quartz  reef  and  partly  because  I  have 
found  veins  of  similar  actinolite  penetrating 
the  normal  types  of  schists  in  the  vicinity  of 
quartz  reefs.    For  my  present  purpose  how- 
ever it  is  sufficient  to  notice  that  augite  is  not 
apparent  in  the  specimen,  although  it  occurs 
in  the  reef  matter  not  for  away,  and  the 
description  is  included  here  chiefly  on  account 
of  other  minerals  which  are  no  doubt  due  to 
the  action  of  the  quartz  reef  on  the  schist 
These  minerals  are  colourless  epidote,  calcite 
and  pyrites  and  it  is  noteworthy  that  they  are 
concentrated,  especially  the  first  two,  round  the 
fragments  of  schist  while  the  remainder  of  the 
interspaces  between  the  fragments  are  filled 
with  quartz. 
No.  S/98    Loc. — Hanging  wall,  2310  feet  level  north  of 
Taylor's ;  Ooregum  Mine. 
Des, — Amphibolite  consisting  of  bluish  green  horn- 
blende with  bronze  mica  and  pyrites.    Traver- 
sing this  is  a  band  or  vein  of  pale  actinolite 
material  with  pyrites.    This  is  like  the  pale 
actinolite  of  the  previous  specimen. 
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No.  S/101.    Lo(-.— Hanging  wall,  2610  feet  level  north  of 
Taylor's;  Ooregum  Mine. 

Des, — Schist  (almost  amphibolite)  consisting  of 
tufted  blue  green  hornblende  with  a  little 
felspar  and  quartz  and  numerous  specks  of 
iron  ore.  The  latter  are  partly  black  and 
partly  pyrites  the  two  being  frequently  com- 
bined in  the  same  speck.  Traversing  the  schist 
are  small  irregular  and  branching  veins  con- 
taining granular  quartz  and  plagioclase  with  a 

great  deal  of  tourmaline  and  bronze  mica,  the 
latter  mineml  being  chiefly  in  contact  with 
the  schist  while  the  quartz  and  felspar  occupy 
the  middle  cf  the  veins. 


Q^n^ratl  remarks  on  the  foregoing  speolmens. 


After  the  detailed  remarks  made  about  the  surface  speci- 
mens described  in  the  preceding  part  of  the  paper,  it  is  un- 
necessary here  to  do  more  than  call  attentic  n  to  the  very 
striking  points  of  similarity  between  those  specimens  and 
these  which  I  have  just  described.  In  these  latter  we  have 
as  the  moit  essential  feature  the  production  of  augite 
which  is  pale  green  to  colourless  in  thin  sections.  This  is 
the  most  characteristic  and  universally  prevalent  mineral 
associate  of  the  quartz  reefs.  In  structure  the  augite 
occurs  in  large  plates  or  in  more  or  less  granular  forms 
with  a  strongly  marked  ophitic  tendency.  The  individual 
augite  crystals  are  generally,  as  in  the  previous  specimens, 
of  much  larger  dimensions  than  the  hornblendes  of  the 
schist  in  which  they  have  been  produced  ;  they  are  inti- 
mately associated  with  and  confined  to  the  immediate 
proximity  of  the  quartz  veins  and  they  are  accompanied 
by  the  same  accessory  minerals  or  mineralogical  changes 
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as  the  angites  developed  in  the  neighbourhood  of  the 
granite  intrusions  on  surface.  Thus  we  have  ihnenite 
completely  altered  to  sphene,  abundant  calcite,  plenty  of 
pyrites  as  well  as  epidote,  bronze  mica,  garnet  and  apatite 
all  of  which  were  noted  in  the  previous  specimens.  The 
only  minerals  associated  with  the  quartz  veins  and  not 
found  in  the  surface  specimens  are  tourmaline  and  topaz 
but  these  exceptions  I  believe  to  be  merely  due  to  chance 
as  I  have  found  tourmaline  and  topaz  in  the  conglomerate 
series  and  they  would  probably  be  found  somewhere  in 
association  with  augite  if  looked  for.  I  have  also  noticed 
a  pegmatite  vein,  lying  with  the  schists  in  the  New 
Vertical  Shaft,  Ooregum  Mine,  which  carries  abundant 
Tourmaline.  (Sp.  S/110.)  If  there  is  a  difference  to  be 
noted  between  the  two  sets  of  specimens  it  is  one  of 
degree,  not  one  of  kind,  and  it  may  be  stated  that  on  the 
whole  the  alteration  phenomena  are  more  strongly  marked 
in  the  case  of  the  quartz  reefs  than  in  the  case  of  the 
schists  veined  and  banded  with  acid  material  in  proximity 
to  the  granite.  Thus  the  intensity  of  the  silicification  is 
greater  in  the  former  case  as  we  are  dealing  with  quartz 
veins  instead  of  with  granite,  aplite  and  pegmatite  as  in  the 
latter  case.  The  other  minerals  associated  with  the  silici- 
fication are  likewise  more  noticeable  and  conspicuous  in 
the  case  of  the  quartz  veins,  the  augite  is  more  abundant 
and  obvious,  pyrites  is  much  more  plentiful  and  in  places 
abundantly  visible,  calcite  is  visible  and  in  places  forms 
large  masses,  and  the  bronze  mica  where  it  does  occur  is 
often  one  of  the  essential  constituents  of  the  specimens. 
Although  more  locally  present  the  same  is  true  of  the  other 
minerals,  viz,,  epidote,  garnet,  apatite  and  tourmaline. 

The  evidence  thus  afforded  by  the  quartz  reefs  of  the 
Kolar  Field  is  to  my  mind  most  striking  and  convincing 
in  regard  to  the  secondary  character  of  the  augite  develop- 
ed in  them  and  in  the  adjacent  hornblende  schists.  Every 
one,  with  perhaps  the  exception  of  Dr.  J.  W.  Evans,  who 
has  studied  the  reefs  is  satisfied  that  they  are  of  subse- 
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guent  origin  to  the  schists,  that  they  are  in  fact  intrusives 
(whether  by  the  medium  of  solution  or  otherwise)  in  the 
schists  and  the  very  striking  and  intimate  association  of 
the  augite  with  the  quartz  taken  in  conjunction  with  the 
complete  absence  of  augite  from  the  homogeneous  unal- 
tered schists  aftords  a  most  satisfactory  proof  that  the 
angite  is  subsequent  in  point  of  origin  to  the  formation  of 
the  hornblende  schist  as  such.  These  observations  com- 
pletely bear  out  the  inferences  already  deduced  with 
repard  to  the  presence  of  secondary  augite  in  the  banded 
and  veined  schists  bordering  on  the  surrounding  granites 
as  dealt  with  in  the  preceeding  section  and  strongly  support 
the  contention  that  such  banding  is  a  secondary  feature 
due  to  the  intrusion  of  acid  material. 
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III. — ^Bblationship  op  Quartz  Rebps  to  acid 

INTRUSIVBS. 


Qnartz  roefs  are  perhaps  most  usually  regarded  as  due 
to  precipitation  from  heated  waters  carrying  silica  in 
solution  and  widely  divergent  views  are  held  as  to  the 
sources  of  both  the  water  and  the  silica  to  say  nothing  of 
the  sources  of  such  minerals  as  may  be  present  in  sufficient 
quantity  to  form  workable  ore  bodies.  I  do  not  propose  to 
enter  into  these  questions  here  in  any  general  way,  but 
merely  to  draw  attention  to  a  few  points  in  connection 
with  the  Quarts  Beefs  of  of  Kolar  which  are  suggested  by 
the  foregoing  portions  of  this  paper. 

Of  late  years  there  has  been  a  tendency  to  associate  some 
pttuUto  and  Qwiitz    quartz  vcius  genetically  with  pegma* 
^•*"*'  tite  and  hence  with  acid  intrusives 

and  opinions  vary  as  to  how  far  such  quartz  veins  should 
be  regarded  as  solidified  from  a  condition  of  aqnseo-igneous 
fusion  or  how  far  pegmatite  should  be  regarded  as  depo- 
sited from  an  igneo-aquseous  solution.  Exact  limitations 
of  these  terms  are  wanting  and  it  is  probable  that  a 
gradual  transition  from  one  condition  to  the  other  is 
possible  and  that  it  takes  place  from  time  to  time  in 
nature.  Thus  it  is  practically  certain  that  as  a  granite 
mass  on  cooling  gives  rise  to  more  acid  pegmatite  veins, 
so  by  further  elimination  of  the  bases  it  sometimes  gives 
rise   to   veins  composed  practically  entirely  cf  quartz. 

Various  intermediate  stages  between 
AUdcitot.  pegmatites    and   quartz  veins    have 

been  found  and  certain  of  these  have  been  called  "  alas- 
kites"  by  Mr.  J.  E.  Spurr  who  found  numerous  ex- 
amples in   Alaska  which  I  believe  be  regards  as  being 
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genetically  related  to  some  of  the  auriferous  quartz  veins  of 
that  region.  I  have  unfortunately  not  been  able  to  obtain 
a  copy  of  Mr.  Spurr's  report  which  deals  with  these 
alaskites  and  am  therefore  unable  to  refer  to  his  observa- 
tions in  detail,  but  I  have  little  doubt  that  quite  similar 
rocks  are  well  represented  in  or  about  Mysore  for  which  it 
will  be  justifiable  to  employ  the  name  alaskite.  A  few 
specimens  may  be  briefly  referred  to. 

W2/24I.  A.  From  between  Maklidrug  and  Subramany 
Temple  in  the  broken  ground  due  east  of  the 
station.  This  is  a  pegmatite  consisting  of 
white  quartz  with  a  little  felspar  and  pyrites. 
The  amount  of  felspar  is  variable,  but  on  the 
whole  is  much  less  than  occurs  in  ordinary 
pegmatite. 

Wi/251.  A.  On  the  road  four  miles  east  of  Seringapatam, 
a  small  quartzose  reef  containing  a  little  felspar. 

W2/3O9.  From  a  rise  close  to  a  small  village  1^  miles 
west  of  Somarandlapalli  near  the  Pertinkonda 
railway  platform.  The  specimen  consists  of 
bluish  grey  quartz  with  small  decomposed 
crystals  of  felspar  distributed  through  it.  The 
felspars  which  are  about  1/16  of  an  inch  in 
diameter  often  show  crystal  faces. 

No.  5992.  From  porcedyke  near  KoUegal ;  said  to  be  a 
vein  in  a  basic  granulite.  Very  similar  to  the 
preceding  specimen,  but  the  quartz  is  darker 
in  colour  and  shows  free  gold. 

S2/235. — S2/268 — S2/279  are  specimens  of  quartz  veins 
or  bands  from  trenches  on  the  S.  Amble  Mining 
Block  Nanjangud.  These  veins  lie  parallel  to 
the  gneiss  and  hornblende  schist  and  contain 
tiny  crystals  of  felspar  which  are  sometimes 
idiomorphic  and  sometimes  rounded  or  oval. 
S  2/279   contains  also  apatite  and  is    faintly 

6 


42 

banded   the  bands    containing  in  addition  a 
little  hornblende  and  garnet. 

All  of  the  above  specimens  occur  in  country  essentially 
composed  of  granite  or  granitic  gneiss  though  frequently 
they  are  immediately  enclosed  in  other  rocks.  For  in- 
stance the  fourth  occurs  in  a  basic  igneous  rock  and  the 
last  three  all  occur  in  or  near  bands  of  hornblende  schist 
lying  in  gneiss.  The  inference  to  be  deduced  from  an 
examination  of  the  specimens  is  that  residual  secretions 
from  a  solidifying  granite  magma  may  become  more  and 
more  acid  and  give  rise  to  a  succession  of  types  represented 
by  pegmatites,  alaskites  and  quartz  veins  all  genetically 
related  to  the  original  acid  magma  and  directly  derived 
therefrom  and  a  quartz  vein  so  derived  does  not,  I  think, 
require  any  assumption  as  to  the  downward  percolation  of 
meteoric  waters  with  subsequent  heating  and  solution  of 
silica  followed  by  ascension  and  rediposition  of  silica  to 
account  for  its  formation.  However  much  part  aquseous 
agency  may  have  taken  in  the  formation  of  such  a  vein, 
the  vein  must,  I  think,  be  regarded  as  an  intrusive  of 
deep  seated  origin  just  as  much  as  the  granite,  aplite  or 
pegmatite  derived  from  the  same  magma  whether  the 
water  of  such  a  magma  had  originally  a  meteoric  origin 
or  not.  This  does  not  of  course  preclude  the  possibility 
of  the  origin  of  some  quartz  veins  from  other  sources 
in  which  the  reascent  of  meteoric  water  after  dissolving 
silica  may  have  played  an  important  part  without  such 
water  having  at  any  time  become  an  integral  part  of  a 
deep  seated  magma,  bat  I  wish  to  emphasize  the  fact  that 
in  Mysore,  as  in  Alaska  we  have  gradations  from  a 
granite  to  a  quartz  vein  and  that  some  quartz  veins  are 
very  probably  intrusives  directly  secreted  from  a  cooling 
granite  magma.  This  brings  me  to  the  particular  piece 
of  evidence  bearing  upon  this  question  which  is  afforded 
by  the  quartz  reefs  of  the  Kolar  Gold  Field  and  this 
evidence  is,  I  think,    all  the  more  important  from  the 
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typical  reef-like  character  of  the  quartz  and  from  the  fact 
that  we  are  dealing  with  a  commercially  valuable  ore 
body. 

The  quartz  of  these  reefs  is  bluish  grey  in  colour,  clean 
and  glassy  and  made  up  of  large  irregularly  interlocked 
grains  except  where  much  crushed.  There  is  no  sugges- 
tion of  pegmatite  or  alaskite]about  the  material,  no  felspar 
being  present  except  [in  proximity  to  the  schist  walls 
where  it  can  be  easily  and  satisfactorily  regarded  as 
derived  from  the  schist  by  absorption  and  recrystalliza- 
tion.  The  payable  ore  runs  in  well  marked  chutes  and  is 
associated  with  base  minerals. 

So  far  then,  there  is  nothing  to  differentiate  these  reefs 
from  many  occurring  elsewhere  and  regarded  as  due  to 
deposition  from  solution  and  nothing  to  suggest  their 
origin  from  a  granitic  magma. 

When  however  we  come  to  examine  the  secondary 
changes  induced  in  the  enclosing  hornblende  schists  by 
the  introduction  of  the  quartz,  as  already  described,  we 
find  numerous  features  such  as,  the  change  of  hornblende 
to  augite,  the  alteration  of  ilmenite  to  sphene,  the  intro- 
duction of  pyrites,  the  development  of  ca'cite,  epidote, 
bronze  mica,  tourmaline  and  apatite  all  of  which  corres- 
pond identically  in  character  and  disposition  with  the 
changes  produced  in  the  same  schist  by  the  granitic  sills 
and  veins,  pegmatites  and  aplites  near  the  junction  of  the 
schists  with  intrusive  granite.  This  close  and  striking 
correspondence  in  the  two  case  seems  to  me  to  afford  a 
very  strong  argument  in  favour  of  the  view  that  the  two 
sets  of  veins,  viz.,  the  quartz  veins  and  the  granitic  veins, 
have  had  a  similar  source  of  origin  and  have  been  intro- 
duced into  the  schists  under  closely  similar  conditions 
and  that  if  it  is  legitimate  to  consider  the  granitic  and 
pegmatitic  veins  and  sills  as  igneous  intrusions  derived 
from  a  deep  seated  acid  magma,  it  is  a  legitimate  sequence 
to  infer  that  these  Kolar  quartz  reefs  are  also  igneous 
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intrasioDs  derived  from  a  deep  seated  acid  raagma.  We 
have  thus  two  lines  of  argument  which  lead  to  a  plausible 
hypothesis  that  the  Kolar  quartz  reefs  are  essentially  of 
the  nature  of  acid  intrusives ;  one  a  general  argument 
derived  from  the  observed  transitions  from  granite  through 
pegmatite  and  alaskite  to  quartz  veins  which  permits 
the  possibility  of  some  quartz  veins  being  igneous  intru- 
sives and  the  other  a  specific  argument  which  shows  that 
the  effects  of  the  introduction  of  the  Kolar  reefs  into 
schists  are  precisely  similar  to  the  effects  produced  by  the 
intrusions  of  granite  and  pegmatite.  In  default  there- 
fore of  strong  evidence  pointing  to  any  other  origin  for  the 
Kolar  Beefs  (such  as  precipitation  from  waters  of  origi. 
nally  meteoric  origin)  I  am  at  present  forcibly  urged  to 
the  view  that  these  reefs  are  igneous  intrusions,  the 
offspring  of  a  deep  seated  acid  magma. 

In  using  the  word  "intrusion"  here  lam  aware  that 
many  people  do  not  regard  the  pegmatite  associated  with 
a  cooling  mass  of  granite  as  being  properly  speaking 
intrusive.  Such  pegmatites  are  frequently  considered  as 
due  to  segregation  or  to  seepage  of  the  residual  liquor  into 
cracks  in  the  practically  consolidated  mass  and  the  fact 
that  the  crystals  of  the  pegmatite  are  largely  interlocked 
with  the  crystals  of  the  granite  walls  is  regarded  as  sup- 
porting this  view.  My  own  experience  does  not  lead  me 
to  attach  much  importance  to  the  interlocking  argument 
which  is  frequently  used  to  prove  that  two  rocks  have 
consolidated  about  the  same  time,  as  I  have  often  found 
the  edges  of  distinctly  subsequent  veins  interlocked  with 
the  crystals  of  the  enclosing  walls  except  where  there  has 
been  comparatively  rapid  cooling  of  the  edges  of  the  vein. 
Apart  from  this  and  admitting  that  pegmatite  is  a  residual 
segregation  from  a  partially  consolidated  granite,  it  must 
still  be  admitted  that  such  pegmatite  is  essentially  intru- 
sive where  it  passes  from  the  granite  into  pre-existing 
rock  masses  and  this  it  frequently  does*    Even  though 
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the  intruding  material  may  be  more  of  the  nature  of  an 
igneo-aqusBous  solution  than  an  aqu®o-igneous  melt  I 
would  still  regard  it  as  intrusive  and  with  this  reservation 
I  have  applied  the  expression  "  igneous  intrusion"  to  the 
Kolar  quartz  reefs. 

In  all  this  I  have  omitted  any  reference  to  the  aurife- 
rous character  of  the  Eolar  reefs  and  to  the  fact  that  they 
contain  gold  in  commercially  payable  quantities  and  I  do 
not  propose  to  comment  upon  these  matters  here  for, 
although  of  the  greatest  importance  in  some  respects,  they 
are  rather  beyond  the  scope  of  the  present  paper.     I  may 
however  observe  that  the  fact  of  the  quartz  reefs  being 
auriferous,  so  far  from   being  a  point  of  dissimilarity 
from  the  pegmatites  and  alaskites  with  which  I  have  en- 
deavoured to  ally  them  is  rather  one  more  point  of  corres- 
pondence for  several  of  the  pegmatites  and  alaskites  which 
have  been  assayed  show  perceptible  quantities  of  gold  up 
to  as  much  as  one  dwt.  per  ton.     There  is  however  a 
marked  divergence  in  degree  and  the  fact  that  the  Kolar 
Beefs  contain  in  places  sufficient  gold  to  be  commercially 
valuable  while  the  pegmatites  and  alaskites  of  Mysore  do 
not  is  a  matter  of  great  interest  and  importance  requiring 
further  investigation.     It   does  not   seem  to  me  at  all 
necessary,  or   even    probable,    that  the  results  of  such 
investigation  should  in  any  way  militate  against  the  con- 
clusions already  arrived  at  as  to  the  probable  origin  of 
the  quartz  of  the  reef. 
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IV. — Granulitic  Types  of  altered  Schists. 


In  the  first  portion  of  this  paper  I  have  noted,  in  the 
Local  d«v«iopaMit  of    case  of  TOany  of  the  specimens  des- 
ffraaaittic  toxtarc.  cribed,  the  tendency  for  the  minerals 

to  assume  a  granalitic  texture  where  secondary  augite  has 
been  developed  in  association  with  intrusive  acid  material. 
The  quartz  and  felspar  tend  freqnently  to  occur  in  clear 
rounded  granules  and  the  augite  itself  often  occurs  in 
grains,  sometimes  with  rounded  outlines,  sometimes  with 
outlines  formed  of  concave  curves  where  moulded  on  the 
quartz  and  felspar  granules,  and  the  hornblendes  derived 
from  these  augites  also  tend  sometimes  to  form  granular 
individuals.  This  marked  tendency  to  the  development 
of  the  granulitic  texture  in  hornblende  schists,  which  close 
to  the  same  point  show  no  such  tendency,  is  a  fact  which 
cannot  fail  to  strike  the  observer.  In  the  specimens 
already  described  the  tendency  is  quite  local  and  the 
texture  is  hardly  sufficiently  extensively  developed  to 
permit  of  any  specimen  being  classed  as  a  graoulite  but 
I  now  propose  to  briefly  describe  some  other  examples  of 
these  hornblendic  rocks  which  exhibit  a  distinct  granulitic 
texture  over  considerable  masses  of  rocks.  Such  rocks 
are  widely  distributed  in  Mysore  and  what  I  have  to  say 
here  must  necessarily  be  very  incomplete  and  chiefly  sug- 
gestive, but  will,  I  hope,  direct  the  attention  of  other 
officers  of  the  Survey  to  some  points  upon  which  much 
more  information  is  desirable. 

I  shall  refer  to  these  rocks  generally  as  "  hornblende  gra- 

nulites"   as  the  predominant  mineral 

Hornblende  fruiulites.  ^ 

IS  hornblende  with  bluish  green  to 
yellowish    green    pleochroism.      Pale   green    to    almost 
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colourless  augite  may  or  may  not  be  present  and  where 
present  in  considerable  amount  the  rocks  might  equally 
well  be  called  ''pyroxene  granulites"  with  some  horn- 
blende. The  essentially  hornblendic  types  are  however 
far  the  more  prevalent.  There  are  four  main  points  about 
these  hornblende  granulites  to  which  I  wish  to  draw 
attention  and  which,  so  far  as  I  am  aware,  are  fairly  novel 
and  the  truth  of  which  I  hope  to  be  able  to  establish,  or 
at  any  rate  to  help  to  establish,  with  the  material  at  present 
at  my  disposal ;  these  are  : — 

(1)  That  the  granulitic  texture  is  of  secondary  origin. 

(2)  That  its  development  is  due  chiefly  to  the  influ- 

ence of  intrusive  granite. 

(3)  That  the  pyroxene  (augite)  present  in  some  of 

the  granulites  is  of  secondary  origin  derived 
from  hornblende  under  the  influence  of  intru- 
sive granite. 

(4)  That  the  secondary  augite  so  produced  has  in 

many  cases  partially  and  in  others  wholly 
reverted  to  hornblende  which  appears  to  be 
similar  to  the  hornblende  from  which  it  was 
derived. 


fl )    Secondary  origin  of  the  granulltio  texture. 


I  may  begin  by  saying  that  I  have  no  reason  to  doubt 
Original  ffranuiuic  tex-    t^at  grauuHtic  texturcs  are  original 
tnre.  in  somc  igneous  rocks.    We  have  in 

Mysore  acid  granulites,  which  are  more  or  less  aplites  in 
composition,  occurring  cs  bands  or  veins  in  the  gneiss 
and  also  a  well  marked  series  of  basic  dyke  rocks  of  the 
nature  of  pyroxene  granulites  with  more  or  less  ot  the 
pyroxene  altered  into  hornblende,  the  texture  of  which  is 
very  probably  due  to  the  particular  mode  of  cooling  from 
fusion.    Other  observers  have  described  similar  occurances 
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elsewhere  and  Professor  Judd  has  suggested  that  the 
texture  may  he  doe  to  movement  during  crystallization. 
But  while  admitting  that  granulitic  textures  may  be  origi- 
nal in  igneous  rocks  which  are  intrusive,  or  which  occur  as 
deep  seated  masses,  I  am  not  aware  that  there  is  any 
evidence  to  show  that  extrusive  rocks,  such  as  the 
basic  lava  flows  from  which  the  Eolar  schists  have  been 
derived,  ever  possess  an  original  granulitic  texture.     So 

far  as  my  personal  experience  goes  I 

QraauUtlc  fchlsU. 

have  not  come  across  any  such  evi- 
dence and  in  particular  I  have  not  found  any  such  evi- 
dence in  the  case  of  the  Eolar  schists  themselves.  These 
schists  in  many  cases  still  retain  recognizable  indica- 
tions of  the  textures  of  the  original  lava  flows  and  the 
textures  so  preserved  exhibit  considerable  variety,  but 
I  believe  that  I  am  quite  safe  in  asserting  that  in  the 
body  of  the  schists  no  rocks  are  to  be  found  which 
exhib  t  a  granulitic  texture.  Frequently  the  original 
texture  of  the  lava  has  been  obliterated  by  deformation 
and  recrystallization  and  more  or  less  granular  schists 
have  been  produced  and  occasionally  small  portions 
may  be  found  which  might  be  regarded  as  possessing  a 
partially  granulitic  texture.  For  instance  in  some  of  the 
coarser  varieties  the  large  felspars  appear  to  have  broken 
up  and  to  be  represented  by  areas  of  distinctly  granular 
felspar  and  quartz,  while  the  large  hornblendes  are  like- 
wise represented  by  aggregates  of  stunted  hornblende 
prisms.  In  such  cases  the  shape  of  the  individual  grains 
may  be  such  as  would  be  found  in  a  granulite,  but  the 
state  of  aggregation  in  which  they  are  found  differentiates 
them  from  typical  granulites  in  which  the  various  cons- 
tituents are  fairly  uniformly  distributed.  We  might  call 
such  examples  "  granulitic  schists"  and  the  fact  of  their 
very  local  occurrence,  as  well  as  the  fact  that  they  are 
generally  found  to  pass  insensibly  into  rocks  with  a  dis- 
tinctly diabasic  texture,  tends  to  support  the  proposition 
that  in  the  schists  original  granulitic  texture  is  wanting 
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and  that  sach  approximations  to  it,  as  may  be  found 
locally,  are  secondary  and  due  to  crushing  and  recrystalli- 
zation. 

(2)    Development  of  gi^nulitlo  texture  due  to 

lnti»usive  gpanltee. 


When  we  pass  from  the  interior  portions  of  the  belt  of 

aranuiitca  in  and  close    schist  to  the  cdges  in  contact  with 

toirranites.  ^y^^  granites  and  gneisses,  which  I 

believe  to  be  intrusive,  a  general  change  becomes  obvious, 
inasmuch  as  the  schists  lose  very  largely  the  lava  like 
textures  so  common  in  the  interior  portions  and  consist 
for  the  most  part  of  more  distinctly  granulitic  schists  and 
of  typical  granulites.  This  change  is  neither  universal 
nor  constant,  that  is  to  say,  granulitic  forms  are  not 
always  found  in  contact  with  the  granite,  but  they  are  so 
common  and  so  marked  as  to  aflford  very  convincing  proof 
that  their  structure  is  due  to  the  influence  of  the  granite. 
The  change  is  still  more  marked  and  the  typical  granu- 
litic structure  more  universally  and  distinctly  developed 
in  the  patches  of  schist  lying  included  in  the  granite 
beyond  the  confines  of  the  solid  belt  of  schists  and  these 
patches  and  fragments  of  marked  granulitic  type  are  found 
to  occur  not  only  in  proximity  to  the  Kolar  belt  itself  but 
widely,  though  irregularly,  distributed  throughout  a  large 
part  of  the  State  of  Mysore,  It  appears  to  me,  even  with- 
out other  evidence,  that  these  facts  lend  the  strongest 
support  to  the  theory  that  the  granulitic  texture  of  these 
rocks  is  essentially  due  to  the  influence  of  masses  of 
intrusive  granite. 

Briefly  restated  these  facts  are  as  follows  : — 

We  find  that  the  Kolar  belt  of  schists  does  not,  in  the 
interior  and  less  altered  portions  thereof,  contain  granulitic 
types  but  that,  very  locally,  granulitic  schists  may  be  deve- 
loped as  the  result  of  pressure  and  recrystallization  with, 
probably,  movement  and  high  temperature  as  essential 
7 
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factors  also.  Where  these  saine  schists  are  in  close 
proximity  to  masses  of  granite  and  granitic  gneiss,  which 
for  other  re^asons  I  regard  as  being  intrasive,  the  granalitic 
types  of  schist  become  very  nmch  more  prevalent  and 
typical  granalites  are  also  found  in  comparative  abundance. 
Away  from  the  confines  of  the  belt  of  schist  and  lying  in 
granite  are  numerous  patches  and  fragments  of  schist, 
which  are  regarded  as  being  included  fragments  of  the 
Kolar  schists,  and  these  are  very  universally  found  to  be 
granulites  of  similar  composition  and  character  to  the 
granulites  found  near  the  edges  of  the  schists  belt  in  close 
association  with  the  granites. 


(3)    Pi»ttsenott  of  augite  in  the  grmnulltes  due  to 

Intrusive  gmnlte. 


Tn  some  of  the  hornblende  granulites  and  granulitic 

schists,  of  which  I  have  been  speak- 
ing,  both  m  those  which  he  witbm 
the  schist  belt  near  its  edges  and  in  those  which  lie 
without  the  confines  of  the  schist  belt,  augite  is  sometimes, 
or  perhaps  I  might  say  frequently,  found.  This  augite  is 
pale  green  to  almost  colourless  in  thin  sections  and  is,  so 
far  as  microscopic  examination  goes,  identical  with  the 
secondary  augite,  which  I  have  already  described  as  being 
developed  in  the  schists  in  the  neighbourhood  of  acid  veins. 
There  is  of  course  the  distinction  due  to  texture  in  the 
two  cases,  for,  whereas  in  the  latter  cases  the  augite  occurs 
in  ophitic  plates  or  in  granular  groups  in  material  which 
is  only  faintly  and  very  locally  of  granulitic  texture,  in  the 
former  the  augite  occurs  as  a  granulitic  constituent  of  a 
more  or  less  perfectly  granulitic  rock,  but  apart  from  this 
question  of  association  the  mineral  seems  to  be  identical  in 
the  two  cases.  This  identity,  though,  very  suggestive,  is 
however  insufficient  to  prove  that  the  augite  of  the  gra- 
nulites is  a  secondary  mineral  and  I  therefore  proceed  to 


51 

adduce  further  evidence  on  this  point.  The  point  will,  I 
think,  be  admitted  to  be  of  considerable  importance  when 
it  ij^  noted  that  these  granulitic  rocks  are  of  a  type  which 
would  most  unhesitatingly  be  described  as  "  pyroxene 
granulite  "  in  which  more  or  less  of  the  pyroxene  (augite) 
had  been  converted  into  bluish  green  hornblende  leaving 
variable  amounts  of  the  original  pyroxene  still  in  evidence 
and  in  which  the  pyroxene  would  generally  be  regarded 
as  the  original  ferromagnesian  constituent  of  the  rock : 
whereas  the  present  evidence  is  designed  to  show  that 
though  undoubtedly  some  of  the  existing  hornblende  has 
resulted  from  alteration  of  some  of  the  augite,  of  which 
portions  still  remain,  this  augite  itself  is  of  secon- 
dary origin  and  derived  from  an  anterior  hornblende 
which  itself  warf  probably  the  result  of  alteration  of  still 
earlier  primary  augite.  In  other  words  I  wish  to  show 
that  in  what  appears  to  be  a  case  of  simple  transformation 
of  augite  to  hornblende  we  are  really  dealing  with  a  treble 
transformation  of  augite  to  hornblende,  hornblende  to 
augite,  and  again  augite  to  hornblende  as  well  as  to  point 

Reiatioiu  of  anffito  to  *^  *^®  rcasous  for  such  a  series  of 
hornblende  similar  to  changes.  These  changes,  it  will  be 
thoM  In  veined  schists,  g^en,  quite  correspond  to  those  which 
I  have  already  described  as  occurring  locally  in  the  schists 
in  immediate  association  with  acid  veins  and  where  the 
fact  that  the  veins  were  subsequent  to  the  schists  formed  a 
very  strong  argument  for  considering  the  associated  augite 
to  be  of  secondary  origin.  In  the  case  of  the  granulites  this 
pai-ticular  form  of  argument  is  lacking,  as  the  granulites 
are  not  necessarily  penetrated  by  veins  and  the  augites  are 
distributed  through  masses  of  rock  whose  only  association 
with  acid  material  is  that  they  lie  in  or  border  on  granites 
which  are  considered  to  be  intrusive  with  regard  to  them. 
In  view  of  what  I  have  ah*eady  said  in  the  earlier  portions 
of  this  paper  the  argument  relating  to  the  augite  of  these 
granulites  may  be  made  very  brief.  In  the  first  place 
we  must  return  to  the  less  altered  types  of  schist  which 
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occur  in  the  main  body  of  the  Eolar  belt  and  in  which  we 
find  no  traces  of  augite  and  no  granulitic  textare.  As  we 
pass  to  the  edges  of  the  schist  belt  and  outwards  to  the 
inclusions  in  the  surrounding  granites  the  granulitic 
texture  becomes  not  merely  well  marked,  but  forms  the 
prevailing  type  to  the  practical  exclusion  of  other  types 
of  texture  and  at  the  same  time  pale  green  augite  makes 
its  appearance  in  many  cases  as  an  essential  constituent. 
I  have  already  shown  that  it  is  reasonable  and  I  think 
necessary  to  regard  the  development  of  the  granulitic 
texture  as  due  to  the  influence  of  the  granite  upon  non- 
granulitic  types  of  hornblende  schist  and  it  appears  to  me 
to  be  very  reasonable  to  associate  the  simultaneous  deve- 
lopment of  augite  with  the  same  agency.  This  reason- 
ableness becomes  much  enforced  by  analogy  derived  from 
the  earlier  portions  of  this  paper  in  which  I  have  shown 
that  similar  augite  is  produced  in  these  hornblende  schists 
under  the  influence  of  intrusive  acid  veins  and  still  further 
strengthened  when  it  is  remembered  that  those  acid  veins 
tend  to  produce  local  granulitic  texture  however  imperfect- 
ly. The  two  series  of  phenomena  appear  to  be  genetically 
similar  and  only  differ  in  degree,  more  homogenous  and 
more  widespread  effects  being  produce  under  the  influnce 
of  the  greater  mass  action  of  the  granites  outside  the 
schists  than  in   the  case  of  the  acid  veins  within  the 

Acctffory  minerals  »|.  s^hists.  To  complete  the  evidence  it 
miiar  to  those  In  veined  is  Only  necessary  to  show  that  the 
•*■•***••  subsidiary    mineral    changes  which 

were  noted  in  connection  with  the  acid  veins  are  likewise 
to  be  observed  in  the  granulites  containing  augite  which 
lie  in  or  close  to  the  granites  and  this  I  am  fortunately 
able  to  do. 

Sphene. — This  is  constantly  found  in  the  granulites 
containing  augite  and  is  undoubtedly  derived  from  ilme- 
nite.  As  a  rule  practically  no  ilmenite  remains  save  some 
tiny  dots  in  the  centres  of  the  sphene  granules.  I  am  not 
prepared  to  say  that  examples  may  not  be  found  coi)- 
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taming  much  more  ilmenite  as  the  conversion  is  doubtless 
a  gradual  one,  but  in  the  specimens  which  I  have  ex- 
amined the  ilmenite  has  practically  all  disappeared  and 
the  constant  association  of  sphene  with  augite  is  always 
a  noticeable  feature. 

Pi/rites. — This  is  not  so  noticeable  as  in  the  case  of 
augites  associated  with  acid  veins,  but  is  nevertheless 
frequently  to  be  found  in  the  granuUtes  and  much  more 
frequently  than  in  the  unaltered  schists. 

Calcile. — Sometimes  in  the  granulites,  but  not  a  very 
noticeable  constituent  as  a  rule. 

Epidote, —  Very  frequently  present. 

Jlf/ca.— Often  present  in  the  coarser  varieties  especially 
close  to  the  junction  with  granite,  but  as  a  rule  more 
noticeable  in  granulites  without  augite. 

Garnet. — Often  present  and  sometimes  in  considerable 
quantities  though  few  of  the  specimens  from  the  immedi- 
ate neighbourhood  of  the  Kolar  belt  happen  to  contain 
the  mineral. 

Apatite. — Very  frequently  present. 

The  above  minerals  associated  with  granulites  contain- 
ing augite  are  precisely  those  found  in  the  altered  schists 
containing  augite  and  associated  with  acid  veins  and 
which  are  not  found  to  any  appreciable  extent   in  the 

unaltered  schists  The  whole  argument  therefore  goes  to 
show  that  these  hornblende  granulites  containing  au*>ite, 
some  of  which  might  equally  well  be  described  as  pyroxene 
granulites,  which  were  in  my  opinion  formerly  horn- 
blendic  schists  belonging  to  the  Kolar  series  are  altered 
rocks  in  which  a  granulitic  texture  has  been  produced  and 
various  mineral  changes  developed  quite  similar  to  the 
changes  produced  in  the  schists  by  intrusive  acid  veins 
and  I  attribute  these  changes  and  the  granulitic  texture 
to  the  influence  of  the  surrounding  granite  which  I  regard 
as  subsequent  to  and  intrusive  with  regard  to  the  schists. 
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(4)   Thtt  mmoondmwy  mugjttm  hmm  yvi"ted  p«i>tialhf 

om  ^Nfholly  to  hortiblando* 


In  the  previous  section  I  have  noted  the  fact  that  the 
granules  of  secondary  augite  have,  to  a  greater  or  less 
extent,  been  converted  into  hornblende  so  that  in  some 
sections  there  is  little  or  no  augite  visible. 

All  gradations  may  be  found  from  specimens  containing 
R«v«r«iMi  of  ■■fitc  to    much  augite  to  those  containing  no 
HM«M«a4e.  augitc  not  Only  from   different  out- 

crops but  sometimes  in  the  same  rock  mass  and  when 
specimens  are  in  all  other  respects  similar  to  each  other 
it  Fcems  quite  legitimate  to  conclude  that  those  contain- 
ing no  augite  are  simply  specimens  in  which  the  secondary 
augite  once  existed  but  has  now  completely  reverted  to 
hornblende.  The  conclusion  may,  I  think,  be  fairly 
deduced  in  those  cases  in  which  the  subsidiary  mineral 
changes,  which  I  have  already  noted  as  accompanying  the 
formation  of  secondary  augite,  are  to  be  observed.  Of 
these  the  most  constant  and  characteristic  is  the  alteration 
of  ilmenite  to  sphene  and,  where  we  find  sphene  in  place  of 
ilmenite  in  a  hornblende  granulite  which  shows  no  augite, 
I  think  it  will  still  be  legitimate  to  infer,  in  the  majority 
of  cases,  that  such  a  rock  has  once  been  through  the  con- 
dition of  a  secondary  pyroxene  granulite  in  which  the 
pyroxene,  and  probably  the  granulitic  texture,  was  of 
secondary  origin.  This  is  a  rather  far  reaching  conclusion 
and  by  no  means  sufficiently  proved  to  permit  of  its  being 
generally  adopted,  but  it  is  certainly  true  in  many  specific 
instances  amongst  the  Kolar  hornblende  granulites  and  it 
is  a  point  upon  which  I  have  no  doubt  further  informa- 
tion will  be  obtained  by  a  more  extended  study  of  the 
granulites  scattered  throughout  Mysore. 

The  last  point  to  be  noted  in  connection  with  these 

Primary  and  Secondary    augitic  types  is  that  the  hornblende 

hornblendes  •'mPar.  derived  from  the  secondary  augite  is 

very  similar  in  appearance  to  the  original  hornblende  of 
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the  schists  from  which  the  augite  was  formed  just  as  in  the 
case  of  the  hornblendes  derived  from  the  augites  associa- 
ted with  acid  veins.  This  fact  is  in  some  ways  unfortunate 
as  it  limits  our  powers  of  determining  the  areas  over  which 
the  treble  transformation  has  taken  place.  Suppose  for 
example  that  in  a  mass  of  hornblende  schist  lying  included 
in  the  granite  a  granalitic  texture  is  developed  and  that 
in  the  central  portion  of  the  mass  the  change  has  been 
merely  from  non-granular  to  granular  hornblende  while 
towards  the  edges  of  the  mass  there  has  been  a  change 
from  either  non-granular,  or  granular  hornblende  to  gra- 
nular augite  and  that  subsequently  this  granular  augite  has 
altered  to  granular  hornblende ;  and  supposing  further  that 
this  latter  hornblende  which  has  passed  through  the 
stage  of  secondary  augite  were  of  different  colour  or 
appearance  to  the  former  hornblende,  we  should  then  be 
provided  with  a  visible  means  of  detecting  to  what  extent 
secondary  augite  had  at  one  time  been  developed  in  the 
rock  notwithstanding  that  all  such  augite  had  now  dis- 
appeared. Unfortunately  however  such  variation  does  not 
exist  and  we  are  left  in  doubt  es  to  the  exact  locus  of  the 
development  of  secondary  augite  although  we  may  be 
quite  satisfied  that  such  development  had  taken  place. 
Doubtless  further  .work  will  throw  more  light  on  this  point, 
but  at  present  the  only  indication  which  may  remain  of 
the  former  existence  of  a  secondary  augite  is,  as  already 
pointed  out,  the  presence  of  sphene  and  other  minerals 
which  are  known  to  accompany  the  formation  of  secondary 
augite,  but  which  have  not  been  proved  to  occur  only  in 
association  with  secondary  augite.  The  problem  of  the 
extent  to  which  these  changes  have  taken  place  in  any 
given  mass  remains  therefore  indefinite  though  the  fact 
that  such  changes  have  played  an  impoi*tant  part  in  the 
life  history  of  many  of  these  hornblende  granulites  has,  I 
think,  been  sufficiently  demonstrated. 
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80  far  I  have  largely  confined  my  remarks  to  the  grann- 
lites  containing  secondary  augite,  or  which  I  have  reason  to 
think  did  at  one  time  contain  secondary  aogite,  and  which 
also  contain  sphene  and  sometimes  other  secondary 
minerals  and  in  which  ilmenite  is  practically  wanting. 
Bat  there  are  other  types  associated  with  the  above  and 
sometimes  forming  portions  of  the  same  individaal  mass 
of  rock  in  which  there  is  no  angite  and  little  or  no  sphene, 
but  plenty  of  ilmenite.  These  types  vary  from  grana- 
litic  schists  to  typical  granalites  and  have  the  same 
general  distribution  as  the  angitic  types,  that  is  to  say, 
they  are  to  be  found  very  sparingly  and  imperfectly  deve- 
loped in  the  body  of  the  schists  and  abundantly  and 
perfectly  de  veloped  at  the  edges  of  the  schists  and  lying 
in  the  surrounding  granites.  In  these  rocks  I  see  no 
reason  to  suppose  that  they  have  at  any  time  passed 
through  the  condition  of  pyroxene  granalites,  though  I 
am  not  prepared  to  assert  the  contrary.  It  seems  to  me 
that  they  are  modifications  of  the  hornblende  schists  in 
which  there  has  been  complete  recrystallization  aided,  in 
the  more  granulitic  varieties,  by  the  neighbourhood  of 
masses  of  intrusive  granite.  I  have  little  doubt  that  a 
more  complete  study  of  these  rocks  will  show  that  they  pass 
gradually  into  types  with  augite  and  sphene,  as  the  influ- 
ence of  the  granite  becomes  more  intimate,  though  it  must 
also  be  admitted  that  in  some  cases  the  granite  has  failed 
to  produce  any  such  eftect. 
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There  is  one  further  step  which  may  be  very  briefly 
noted.  In  the  case  of  some  of  the  hornblendic  inclusions 
in  the  granite,  as  also  in  the  case  of  some  granitic  intru- 
fiives  in  the  schists,  there  appears  to  have  been  very 
considerable  interaction  between  the  intrusive  granite 
and  the  hornblendic  rock,  resulting  in  the  intermingling 
of  the  two,  probably  due  to  the  fusion  and  absorption  of 
some  of  the  hornblendic  material  by  the  granite.  Thus,  in 
the  case  of  some  inclusions  the  pranulitic  texture  is  found 
to  become  coarser  as  the  granite  is  approached  and  the 
rock  gradually  passes  into  a  coarse  hornblendic  granite  or 
quartz  diorite  in  which  the  granulitic  texture  gives  place 
to  a  granitic  texture  and  this  shades  off  with  diminution 
of  hornblende  and  increase  of  biotite  into  the  surround- 
ing biotite  granite  or  gneiss. 

Such  occurrences  are  for  the  most  part  quite  restricted 
in  extent,  but  I  have  also  found  large  areas  of  coarse 
hornblendic  granite,  which  I  believe  to  be  the  result  of  an 
extensive  absorption  of  hornblendic  material  by  the 
intruding  biotite  granites.  A  description  of  these  latter 
occurrences  is  somewhat  beside  the  scope  of  this  paper 
and  they  are  merely  mentioned  by  way  of  sequence  to  the 
preceding  cases  and  will  not  be  further  referred  to  here. 


DosoHptlon  of  Spoolmcns. 


The  following  specimens  are  intended  to  illustrate  the 
observations  of  the  preceding  sections  in  regard  to  granu- 
litic types  and  include  those  specimens  the  locahties  of 
which  are  marked  on  the  map  by  numbers,  but  which 
were  omitted  in  series  A  and  B  of  Part  I.  The  localities 
of  other  specimens  will  be  indicated  as  far  as  possible  with 
reference  to  the  numbers  or  other  marks  on  the  map. 
8 
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In  these  descriptions  it  must  of  coarse  be  a  debateable 

_  ^  _  point  as  to  what  should  be  called  a 

"grannlite,"  a  "  granulitic  schist"  or 
a  "  granular  schist  '*  and  without  any  desire  to  lay  down 
hard  and  fast  definitions,  with  which  no  doubt  many 
people  would  disagree,  I  may  simply  explain  in  what 
sense  I  use  these  terms  here. 

The  three  types  are  supposed  to  represent  stages  in  the 
transition  towards  a  prefect  granulite  and  there  must 
necessarily  be  overlapping  of  the  tjrpes  according  to  taste. 

By  a  "  granular  schist "  I  mean  a  rock  in  which  the 

minerals  are  in  small  granules  with, 
as  a  rule,  irregular  boundanes  and  do 
not  exhibit  recognizable  igneous  structures.  Th  granular 
texture  is,  I  believe,  due  to  crushing  and  movement  com- 
bined probably  with  recrystallization. 

A  "  granulitic  schist "  is  one  in  which  most,  or  all  of 

the  minerals  are  in  somewhat  round- 
ed  grains  or  short  prisms,  the  edges 
thereof  being  fairly  regular  and  clean.  In  this  respect 
they  correspond  to  the  more  typical  granulites,  but  differ 
from  the  latter  in  the  fact  that  the  minerals  tend  to  occur 
in  aggregates.  For  instance  the  hornblende  tends  to 
occur  in  groups  or  aggregates  of  prisms  between  which 
are  areas  of  granulitic  felspar  and  quartz.  This  arrange- 
ment seems  to  point  to  such  rocks  being  derived  rocks 
composed  of  comparatively  coarse  hornblende  and  felspar 
in  which  there  has  been  recrystallization  without  great 
intermingUng  of  the  minerals  during  the  process.  Many 
specimens  which  I  shall  here  call  "  granulitic  schists  " 
would,  I  have  no  doubt,  be  called  "  granulites  "  by  others 
and  I  should  have  no  objection ;  but  in  the  present  cases 
I  wish  to  distinguish  this  type  from  the  next  type. 

The  word  "  granulite  "  is  reserved  for  those  types  which 

consist  of  minerals  ditributed  more  or 

Oranallto. 

less  uniformly  in  grains  with  fairly 
even  clear  boundaries.      The   majority   of   the    grains , 


69 

especially  of  felspar  and  quartz,  are  rounded  ;  hornblende 
and  augite  may  occur  as  rounded  grains,  short  prisms,  or 
indented  grains  lying  between  rounded  grains  of  other 
minerals.  The  distinction  from  the  last  type  is  therefore 
cheifly  due  to  the  more  uniform  distribution  of  all  the 
constituents  as  opposed  to  the  occurrence  of  some  of  the 
constituents  in  well  marked  aggregates. 

I  may  add  a  remark  as  to  one  more  type  which  is 

referred  to  as  "  granular  Diorite  "  and 

Qranalar  Diorite.  ^ 

which  appears  to  be  a  very  coarse 
form  of  granulite  in  which  the  definite  rounded  character 
of  the  grains  is  wanting  and  the  texture  approaches  that 
of  a  granite  or  diorite.  With  these  explanatory  definitions 
I  now  pass,  to  a  description  of  a  number  of  specimens 
which  are  grouped  according  to  the  localities  in  which 
they  occur.  A  second  grouping  according  to  type  would 
be  of  value,  but  I  omit  this  as  any  one  can  show  the 
locations  of  the  various  types  by  playing  different  coloured 
dots  on  the  map  to  represent  them. 


CtL)    Speolman  front  body  of  schists. 


Ji/194.    Locality. — ^In  the  schists  half  a  mile  west  of 
Masika. 
Description. — GranulUic  schist  consisting  of  elong- 
ated aggregates  of  hornblende  prisms  alternat- 
ing with  patches  of  granulitic  felspar  and  with 
a  little  quartz.    Black  iron  ore  in  strings  of 
granules. 
I  place  this  specimen  first  as  an  example  from  the  body 
of  the  schists  at  some  distance  from  any  visible  granite ; 
it  is  2  i  furlongs  west  of  the  granites  of  the  conglomerate 
series.    It  is  the  most  granuhtic  type  which  I  have  come 
across  from  the  body  of  the  schists  away  from  the  edges 
of  the  belt  and  it  may  be  noted  that  it  is  of  very  local 
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extent  and  that  it  passes  gradually  into  non-gi*anulitic 
coarse  hornblende  diabase.  It  bears  out  what  I  have 
already  said  as  to  such  granulitic  schists  being  derived 
from  diabasic  rocks  of  coarse  texture  and  as  to  the  granu- 
litic texture  not  being  original.  The  coarse  hornblende 
diabase  has  been  schisted  and  crushed  and  the  locally 
produced  granulitic  schist  shows  the  traces  of  such 
schistose  structure  in  the  elongated  aggregates  of  which 
it  is  couiposed,  though  the  component  minerals  show  very 
little  evidence  of  crush  or  strain  owing  presumably  to  the 
fact  that  they  have  recrystallized  when  assuming  their 
present  granulitic  form 


(hj    8eH«s  showing  ppogressivo  d«v«lopm«nt 

of  gff^nulltlo  toxture. 


The  next  four  specimens  are  intended  to  show  the  pro- 
gress towards  a  granulitic  type  near  the  edges  of  the 
schists  as  the  granite  is  approached.  They  are  taken  from 
a  trench  about  one  mile  east  of  Dasarhoshalli  and  half  a 
mile  north  of  the  Bowringpet  road  and  represent  the 
narrow  strip  of  schist  lying  between  the  quartzite  ridge 
and  the  western  granites. 
S2/32.     Loc, — Schist  just  west  of  the  quartzite*  ridge. 

Z)e5.  — Fine  granular  uhist  consisting  of  granular 
felspar  in  somewhat  irregular  grains,  short 
to  elongated  prisms  of  hornblende  and  black 
iron  ore  in  granular  strings. 

S2/33.     Loi\ — Schist  50  yards  west  of  above. 

Dcs. — Medium  coarse  granular  schist.  Hornblende 
in  large  plates  breaking  up  into  granular 
a-ggi'egates  alternating  with  patches  of  very 
granular  or  granulitic  felspar  with  small  horn- 

'•-  This  is  the  ridge  of  heematite  quartzite  or  ferruginous  quartz  schist 
which  runs  from  north  to  Eouth  close  to  the  western  edge  of  the  schist 
belt. 


<*«■ 


61 

blende  prisms.    Black  iron  ore  in  granular 
strings. 

S2/34.     Loc, — Edge  of  schist  next  to  a  band  of  micaceous 
granite,  50  yards  west  of  above. 
Des, — Similar  to  above,  but  hornblende  aggregates 
more  granular  and  felspar  in  more  distinctly 
rounded  grains.  (Jranulitic  schi^^t, 

S2/36    Loc.—  A  little  west  of  above.    Bands  of  schist 

alternating  with  crushed  granite. 

Des. — A  granulitic  schist  similar  to  83/34,  but  some- 

X    what  coarser  and  more  granulitic  and  showing 

some  quartz.     This  is  a  typical  granulite  save 

for  state  of  aggregation  of  the  hornblende. 

These  four  specimens,  with  perhaps  the  exception  of 

the  first,   show  a  gradual  progress    towards   a   typical 

granulitic  texture  as  the  granite  is  approached,  the  most 

distinctly  developed  type  occurring  as  included  patches  in 

the  granite. 

Co)    Various  types  In  and  close  to  western  granite 

and  gneisses. 

The  next  group  includes  various  types  from  near  the 
western  edges  of  the  schists  north  of  the  Madras  Eailway. 

J2/8.     Loc. — No.  1  on  map.    North-west  side  of  quartzite 
ridge  close  to  granite. 

Des. — Very    granulitic    schist  almost   a  granulite. 

Consist  of  pale  augite  in  granules  and  ophitic 

patches,  granular  quartz   and  felspar,  a  little 

hornblende  and  granular  sphene.    No  iron  ore. 

J2/9.    Lcc.— A  little  east  of  J2/B. 

Des. — Granular  schist  consisting  of  granular  quartz 
and  garnet  with  green  hornblende  in  granular 
patches  and  very  pale  amphibole  in  grians  and 
ragged  crystals.  Many  of  the  garnets  have 
central   cores    of  brownish  'yellow    meterial 
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which  is  probably  orthite.  This  is  a  peculiar 
and  very  altered  type,  which  will  require  sepa- 
rate description  elsewhere;  it  is  introduced 
heic  on  account  of  its  very  granular  texture. 

Jj/967.     Loc. — No.  6  on  map.     A  patch  of  schist  in  the 
granite  one  furlong  N.  N,  W.  of  a  3006. 

Des.^  Granulite  consisting  of  granulitic  felspar  and 
large,  granules  and  prisms  of  hornblendes ;  also 
pale  green  granular  augite  partially  altered  to 
hornblende,  sphene  in  colourless  grains  and 
crystals,  many  having  a  central  dot  of  iron  ore 
and  some  pyrites. 

In  texture  this  is  on  the  border  line  between  a  typical 
granulite  and  a  granulitic  schists. 

Ji/9G8.    Loc, — Patch  in  granite  |  mile  east  of  No.  5  on 
map  close  to  edge  of  schist. 

J)€s, —  Granulite,  hornblende  in  slightly  elongated 
prisms,  gi*anular  sphene  w*ith  dots  of  ilmenite 
and  some  epidote;  augite  doubtful. 

Ji/969.    Loc. — 2  furlongs  N.  N.  E.  of  above  in  the  schists 
close  to  boundary, 
Des, — GranuWc  similar  to  Ji/9G8. 

Ji/974.    /^oc— No.  7  on  map.    In  the  schists  near  bound- 
ary. 

De*. — Fine  granular  schist  with  a  little  hornblende ; 
much  pale  augite  in  grains  and  ophitic  patches, 
crystals  and  veins  of  epidote,  sphene  dust  and 
good  deal  of  pyrites. 

Ji/97C.     Loc— 5  furlongs  south  of  No.  7  on  map.    In  the 
schists  close  toquartzite  ridge. 

Des, — Granulitic  schist  or  more  properly  a  banded 
granulitic  amphibolite  consisting  of  alternate 
streaks  of  hornblende  granules  and  granules 
of  felspar  and  quartz  with  some  black  iron  ore. 
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Ji/979.     Loc.— No.  10  on  map,  schist  close  to  boundary. 
Dea. — ^Finely  granular  hornblende   schist  with  pale 
green  augite  in  grains  and  ophitic  plates  and 
ill  veinlets  associated  with  quartz  and  calcite. 
Much  sphene  dust ;  no  ilmenite. 

Ji/985.     Zoc— Nearly  1  mile  S.  S.  W.  of  No.  30  on  map. 
Inclusion  in  granite. 

A*5.— Fine  grained  granulite.  Much  hornblende  in 
slightly  elongated  grains  moulded  on  quartz 
and  felspar.  Some  epidote  and  specks  of  ilme- 
nite altering  into  leucoxene. 


(d>   Speoimens  from  south-western  limb  of  the 

sohist  belt. 


These  specimens  lie  in  or  close  to  the  granites  and 
gneisses  bordering  the  band  of  schists  running  from  the 
Madras  Railway  Line  to  Mallapakonda. 

Ji/535.  Loc. — In  the  schists  west  of  quartzite  ridge  and 
close  to  granite  about  IJ  miles  E.  N.  E.  of 
Battalhalli. 

I^^s. — Typical  granulite,  slightly  schistose,  with 
granular  sphene,  epidote  and  pyrites.  No 
ilmenite. 

3^lbbZ,  Ji/554.  Loc. — No.  27  on  map.  Inclusion  in 
granite. 

Des. — Both  specimens  are  coarse  hornblende  gra^ 
nuHie  with  granular  sphene  and  no  iron  ore. 
.Ti/554  shows  in  addition  some  pale  green 
augite  partly  altered  into  hornblende. 
Ji/569.  Loc. — Close  to  edge  of  schist  next  to  conglome- 
rate series,  about  3  furlongs  N.  of  No.  31  on 
map. 

Des. — Highly  granular  schist,  hornblende  in  granu- 
lar aggregates,  some  black  iron  ore. 
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Ji/581.    Loc, — Tongue  of  schist  1  furlong  west  of  No. 
33  on  map. 

Des, — Banded  granular  fchisi  with  much  sphene 
and  some  pyrites  and  calcite. 

Ji/582.     Loc.  —Patch  in  granite  a  little  east  of  above. 

Z)e5.— Fairly  good  pranulite  with  brownish  sphene 
and  quartzose  veins. 

Ji/587.     Loc. — No.  34  on  map,  upper  dot. 

Des. — Partly  granular  am phibolite  and  partly  fine 
horn-blende  grannlite  with  colourless  augite 
in  granular  ophitic  patches,  also  granular 
sphene  and  epidote.  There  are  also  some 
quartzose  veins  containing  pale  green  to  colour- 
less amphibole,  black  iron  ore  and  garnets. 
Ji/58S.     Loc. — No.  34  close  to  granite. 

De», — Oranulite  with  rather  elongated  hornblendes. 

Also  pale  augite  partly  altered  to  hornblende, 
sphene,  epidote  and  apatite. 

Ji/591.    Loc, — Close  to  edge  of  schist  3  furlongs  N.  W. 

of  No.  34  on  map. 

Pes.^k  banded  rock,  darker  bands  containing 
granular  omphacite,  pa'e  green  augite  and 
granular  hornblende  alternating  with  fine  gra- 
nitic bands  containing  omphacite.  Sphene 
and  Pyrites  present.     This   is  an  uncommon 

type,  but  on  the  whole  granuhtic  in  texture. 

Jj/GOl.    Loc. — No.  30  on  map-inclusion  in  gneiss. 

Des^—Ifornblende  granulite  banded  with  granite  and 
quartzr  The  granuhte  contains  a  good  deal 
of  brownish  garnet,  a  little  sphene  and  no 
iron  ore. 
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r«;    Sp^elmens  finom  the  South-Bast  limb  of  the 

Sohlste. 


Ji/329.  Loe.-^i  of  a  mile  east  of  a  3359  (Yerrakonda)  ; 
schist  on  east  side  of  a  tongue  of  the  conglome- 
rate series. 

Des. — Granulitic  schist  with  large  hornblendes  break- 
ing up  at  edges  into  grains  and  prisms  and 
lying  in  a  matrix  of  granulitic  felspar  and 
hornblende.  Black  iron  ore  present  in  grains 
and  strings. 

Ji/382  which  is  \  mile  south  of  this  is  very  similar. 

.Ti/344,  Ji/345.    Loc. — Close  to  edge  of  conglomerate  se- 
ries a  little  S.  S.  E.  of  No.  17  on  map. 

Des. — Highly  granular  schists  granulitic  in  parts 
with  much  sphene. 

J2/345  contains  also  calcite  and  apatite.  No.  17, 
previously  described,  is  similar  but  contains 
more  acid  bands  with  much  augite. 

J 1/347,  Ji348.    Loc. — A  little  west  of  No.  17  on  map. 

Des, —  Granulitic  schists  generally  similar  to  Ji/329. 

Ji/354,  J/i355.    Loc, — Edge  of  schists  1  mile  west  of 
Kempapur. 

Pes.— J 1 1354:  is  fine  grained  grauulite  squeezed  and 
containing  specks  of  black  iron  ore. 

Ji/355  is  coarser  granulitic  schist,  almost  a  granu- 
lite.  Black  iron  ore  in  strongly  marked  bands 
probably  secondary, 

Ji/361.    Loc. — I  of  a  mile  shghtly  west  of  north  of  No.  23 
on  map. 

Ihs.-^  Highly  granulitic  schist  with  grains  of  black 

iron  ore  and  some  epidote, 
g 
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Ji/3C2.     Loc—k  forlong  or  so  sonth  of  Ji/361. 

Pes. — Fine  grained  squeezed  granulite,  with  much 
granular  sphene. 

Jj/3C4.     Loc.— No.  23  on  map-schist    next  to  eastern 

gneiss. 

Ves. — Pyroxefi^  grantdilt  consisting  of  granular 
augite  and  felspar  and  a  little  quartz,  horn- 
blendo,  sphene  and  pyrites. 

Ji/3G6.     Loc, — 3  furlongs  south  of  No.  23  on  map. 

Dr^. — Coarse  hornblende  granulife  with  a  little 
black  iron  ore,  hornblendes  in  irregular  grains 
lying  between  round  grains  of  felspar. 

Ji/38G.    Loc, — 2  furlongs  north  of  No.  20  on  map. 

J)€8, — Gnt^.uliiic  schist  almost  granulite.  Ilmonite 
altering  into  sphene.  Some  granular  quaiiz 
present  in  eyes  and  veinlets. 

Ji/41fi.     Loc. — Inclusion  in  granite  a  few  miles  east  of 
Madniangala. 

Des, — Coarse  typical  granulite.  Contains  granular 
brownish  sphene  and  traces  of  residual  pale 
green  augite  in  the  hornblende  granules. 

Compare  Ji/201  which  is  a  very  similar  inclusion 
from  a  quarry  about  1  \m\e  east  of  Madman- 
gala,  but  rather  coarser  in  texture  and  ap- 
proaching a  granular  ditm/e. 

Ji/422.     I^c. — Same  region  as  Ji/416,  a  band  in  the 
gneiss 

iVs. — Similar  to  Ji/416,  but  coarser  though  still 
distinctly  granulitic  and  with  more  of  the  pale 
green  granular  augite  from  which  the  horn- 
blende appears  to  have  been  derived. 

Ji/243.    Loc. — Schist  midway  between  23  and  24  on  map, 

Des  — Fine  grained  granulite  with  much  granular 
sphene. 
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Ji/440.    Loc, — No.  14  on  map. 

Des, — Pyroxene  hornblende  granulitc.  Pyroxene 
is  pale  green  augite  passing  into  hornblende 
and  occurs  between  rounded  grains  of  felspar 
and  quartz  with  granular  sphene. 

Ji/441.    Loc. — A  few  yards  west  of  above. 

Des. — A  veined  granular  schist  containing  much 
more  augite  than  above ;  also  cpidoto,  sphene 
and  pyrites. 

Ji/458,  Ji/4G0.     7.0C.— Edge  of  schists  1  mile  W.  S.  W. 
of  Kempapur. 

Des, — Banded  granular  schists  with  numerous 
sphene  grains  and  some  epidote. 

Ji/508,    Loc, — Inclusion  in  granite  just  west  of  No.  22  on 
map. 

Des. — Fairly  fine  hornblende  granulite  with  much 
granular  sphene. 

JjIdOQ.    Loc. — No.  22  on  map-schist  next  to  granite. 

Des. — Same  as  Ji/508,  but  showing  an  acid  vein 
containing  much  pale  augite. 

This  specimen  is  remarkable,  the  vein  with  augite 
is  probably  subseqent  to  the  formation  of  the 
granulite. 

Ji/511.     Loc.  —No.  24  on  map. 

Des. — Hornblende  granulite  with  a  little  pale  green 
augite  and  granular  sphene. 

Ji/512.     Loc. — A  little  S.  S.  W.  of  above.    A  patch'in  the 
central  granite. 

J)es. — Similar  to  J i /oil,  but  coarser  in  texture  and 
with  indefinite  bands  containing  much  augite. 
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In  the  above  specimens  it  will  be  noticed  that  the  more 
granalitic  types  occor  at  the  borders  of  the  schist  or  as 
inclusions  in  the  granites  and  that  on  the  whole  the  latter 
afiford  the  most  specimens  of  typical  granulites.    Further 
than  this  the  association  of  sphene  with  augite  is  remark- 
able and  also  the  fact  that  ilmenite  and  augite  do  not 
occur  together.    Ilmenite  and  sphene  occur  in  the  same 
section  but  their  proportions  are  more  or  less  inversely 
proportional.     For  the  sake  of  exhibiting  more  clearly 
the  association  of  the  various  minerals  in  the  specimens 
described,  not  only  in  thifl  section  but  also  in  the  previous 
sections,  I  append  the  following  tabular  statement  of  all 
the  specimens  described  with  their  essential  minerals. 
Where  the  latter  occur  in  normal  proportions  or  in  fair 
quantity.    They  are  indicated  by  the  letter  +  and  where 
they  occur  in  small  or,  much  less  than  normal  quantities, 
they  are  indicated  by  the  letter  x,    A  few  remarks  are 
also  added  showing  the  situation  of  the  specimen  with 
regard  to  the  schist  belt  and  surrounding  granites  and 
indicating  the  rearness  of  approach  to  granulitic  types. 
A  rough  analysis  of  the  table  shows  the  following  relations 
amongst  the  constituent  minerals. 

Practically  all  of  the  specimens  contain  hornblende  and 
felspar  the  quantities  of  which  may  vary  widely  from 
those  shown  by  the  unaltered  schists  according  to  the 
amount  of  alteration  and  the  proportions  of  the  secondary 
minerals  present.  The  unaltered  schi&ts  (No.  1)  as  judged 
from  many  hundreds  of  sections  contain  only  hornblende, 
felspar  and  ilmenite  with  traces  of  other  minerals  which 
need  not  be  noticed.  No.  28  is  also  practically  unaltered 
schist* 

The  remaining  83  specimens  are  considered  to  be  altered 
or  modified  schists  and  of  these  11  show  only  hornblende, 
felspar  and  ilmenite  and  1  shows  in  addition  a  little 
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epidote.  All  of  these  12  specimens  are  more  rr  less  granu- 
litic  and  occur  close  to  or  in  granite.  Of  the  remaining 
71  specimens  all  except  two  contain  quartz  in  appreci- 
able quantities  and  59  of  them  contain  sphcne. 

Of  the  above  71  specimens,  47  (of  which  two  are  doubt- 
ful) contain  augite  and  of  these  all  except  1  contain  quartz 
and  all  except  3  contain  sphene  while  none  of  those  with 
augite  contain  ilmenite  except  as  small  specks  in  granules 
of  sphene. 

The  presence  of  quartz  sphene  and  augite  and  the  ab- 
sence of  ilmenite  are  therefore  very  characteristic  of  the 
altered  schists  as  is  to  a  lesser  degree  the  presence  of 
pyrites,  epidote,  calcite,  mica,  garnet  and  apatite  as  shown 
by  the  table. 
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V. — Summary. 

Ill  the  present  paper  my  chief  object  has  been  to  draw 
atteniiou  to  the  occurrence  of  augite  in  the  Kolar  schist< 
and  I  li-ivc  endeavoured  to  show  that  the  augite  is  a 
secoii'lary  mineral  developed  in  hornblende  schist  in  proxi- 
niitv  10,  and  as  the  result  of  intrusion  of  acid  material 
ii/(j  the  schists.  The  general  line  of  argument  has  been 
Uo  follows: — 

The  hornblendic  schists  of  the  Kolar  Belt  are  esbcu- 
tially  the  raetamorphic  representatives  of  an  ancient 
scries  of  basic  lava  flows  \vl:ich  in  all  probability  origin- 
ally consisted  of  the  mineral  augite,  plagioclase  and 
ilmenite.  Metaiaorphism  has  resulted  in  the  complete 
conversion  of  any  original  augite  into  bluish  gi-eep  horn- 
blende so  that  the  schists  now  consist  of  horoblendet 
plagioclase  and  ihnenite.  In  many  cases  the  original 
igneous  texture  of  the  lava  flows  is  still  clearly  apparent 
in  the  schists  but  in  other  cases  severe  crushing  and 
shearing  has  defaced  any  original  texture  and  the  mine- 
rals have  been  much  broken  up  and  sometimes  recrystal- 
lized.  In  both  cases  however  the  component  minera^s 
appear  to  be  similar  and  the  various  beds  of  schist  remain 
as  homogeneous  masses  of  rock  in  which  no  augite  what- 
ever has  been  detacted.  Locally  however  the  schists  are 
iriefmlarly  veined  witli  acid  material  and  near  the  edges 
of  the  belt,  in  proximity  to  granites  and  gneisses  which  I 
believe  to  be  intrusive  with  regard  to  the  schists,  the 
schists  are  sometimes  found  to  be  banded  as  well  as 
veined.  The  banding  is  parallel  to  the  planes  of  schisto- 
sity  and  the  bands  are  lighter  in  colour  and  moie  acid  in 
composition  than  the  normal  schist.     Tliere  can  be  no 
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doubt  that  the  irregular  or  cross  veins  of  acid  matenal  arc 
secondary  featares  introduced  into  the  schists  but  there 
might  be  some  doubt  as  to  whether  the  banding  is  original 
or  secondary  although  I  myself  am  satisfied  that  it  is 
secondary. 

Augite  is  a  common  mineral  is  these  veined  and  banded 
schists  as  well  as  in  patches  of  schist  which  occur  as 
inclusions  in  the  granite  and  gneiss  and  the  very  marked 
association  of  the  mineral  with  secondary  acid  veins  is 
sufficient  to  prove  that  it  is  itself  of  secondary  oiigin.  Its 
occurrence  in  the  banded  schists  is  also  quite  in  accord- 
ance with  this  view  and  strongly  supports  the  contention 
that  the  banding  of  the  schists  is  of  secondary  origin 
due  to  the  intrusion  of  more  or  less  parallel  sills  of  acid 
material.  These  views  are  further  supported  by  other 
mineral  charges  which  accompany  the  formation  of  augite 
in  and  about  the  acid  veins  and  bands  and  in  the  frag- 
ments of  schists  included  in  the  surrounding  granites  and 
gneisses.  These  changes  include  the  constant  alteration 
of  the  ilmenite  of  the  schists  to  sphene  and  the  frequent 
development  or  introduction  of  some  or  all  of  the  following 
minerals,  tiz.,  pyrites,  calcite,  epidote,  mica,  garnet, 
apatite,  tourmahne  and  topaz  in  addition  to  the  quartz 
and  felspar  forming  the  veins  and  bands. 

The  secondary  augite  exhibits  the  usual  tendency  of  this 
mineral  to  revert  to  hornblende  and  it  is  noteworthy  that 
the  resulting  secondary  hornblende  bears  a  very  strong 
family  likeness  to  the  original  hornblende  of  the  schists  so 
much  so  that  it  is  as  a  rule  impossible  to  distinguished 
between  them. 

Part  II  of  the  paper  deals  with  the  occurrence  of  simi- 
lar augite  in  association  with  the  auriferous  quartz  veiujb 
cf  the  Kolar  Gold  Field.  These  veins  are  sometimes  thick 
and  solid  and  sometimes  break  up  into  numerous  thin 
stringers  forming  a  finely  banded  schist  not  unlike  the 
banded  schist  referred  to  in  Fart  I  save  that  the  acid 
11 
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which  they  are  associated.    There  is  abundaDce  of  material 
for  such  study  in  many  parts  of  Mysore  and  I  think  I 
have  said  enough  in  the  body  of  this  paper  to  suggest 
several  lines  of  investigation  which  may  lead  to  useful 
results.    The  development  of  secondary  augite  in  horn- 
blende schist  in  the  neighbourhood  of  acid  veins  and  the 
development  of  granulitic  textures,  with  or  without  augite, 
under  the  influence  of   masses  of  intrusive  granite  or 
gneiss  are  not  to  my  mind  mere  petrological  curiosities 
but  are  features  of  widespread  occurrence  which  are  likely 
to  prove  of  importance  in  reconstructing  the  early  geologi- 
cal history  not  only  of  Mysore  but  of  a  large  area  of  pen- 
insular India.     In  conclusion  I  regret  the  incompleteness 
of  much  of  the  evidence  referred  to  in  the  paper  and  the 
absence  of  figures  or  sketches  illustraiing  the  principal 
petrological  types  which  have  been  described ;  I  may  be 
able  to  amend  this  later  by  publishing  a  series  of  plates 
separately.     I  also  wish  to  acknowledge  the  assistance  I 
have  received  from  Mr.  B.  Jayaram,  Assistant  Geologist, 
by  whom  many  of  the  specimens  which  I  have  described 
were  collected  during  survey  work  on  the  Kolar  Belt  as 
well  as  many   specimens  of  similar  import  from  other 
parts  of  the  State. 
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KOCK  DENSITIES  IN  THE  NEIGHBOURHOOD 
OF  EDGAR'S  SHAFT,  MYSORE  MINE, 
KOLAR  GOLD  FIELD. 


The  following  notes  were  compiled  in  response  to 
a  reqaest  from  Major  Lenox  Conyngham,  b.b.,  Superin- 
tendent of  the  Survey  of  India,  for  some  information  as  to 
the  densities  of  the  rocks  in  the  neighbourhood  of  Edgar's 
Shaft  on  the  Eolar  Gold  Field.  Major  Conyngham 
visited  the  Kolar  Field  in  February  1908  for  the  purpose 
of  making  some  observations  on  the  intensity  of  the 
force  of  gravity  in  connection  with  a  series  of  similar 
observations  throughout  India.  It  was  decided  to  deter- 
mine the  value  of  gravity  not  only  at  the  surface  but  also, 
if  possible,  at  some  considerable  depth  below  ground,  and 
for  this  purpose  Edgar's  Shaft  was  found  to  be  parti- 
cularly suitable. 

This  shaft  is  vertical,  circular  in  section,  lined 
throughout  with  brick  and  has  recently  been  completed 
to  a  depth  of  about  2,600  feet.  At  the  time  when  the 
experiments  were  made  the  shaft  was  devoid  of  all 
internal  fittings  and  no  work  was  being  carried  on  in  it. 
It  represented  simply  a  large  circular  hole  in  the  rocks  to 
a  depth  of  2,600  feet  situated  at  a  considerable  distance 
from  the  other  underground  workings  of  the  mine  and 
was  singularly  adapted  to  the  purpose  of  the  observations 
contemplated. 

The  results  of  the  observations  on  the  value  of 
gravity  will  doubtless  be  announced  in  due  course  and  in 
the  meantime  the  following  notes  on  the  nature  and 
densities  of  the  rocks  in  the  neighbourhood  of  the  shaft 
are  published  as  they  may  be  of  some  general  interest. 


The  general  surface  distribution  of  the  rocks  in  the 

Deighbourhood  of  Edgar's  Sbaft  is 

ehown    on    Plate  I.    The    position 

of  the  shaft  is  shown  by  a  small  circle  and  a  cross  section 

of   the   country    along   a   line   passing    east    and     west 

through  the  shaft  is  represented  in  Plate  II. 

The  Kolar  Schist  bell  is  composed  of  a  series  of 
hornblendic  rocks  stretching  north  and  south  and  bound- 
ed on  the  east  and  west  by  granitic  rocks. 

The  main  mass  of  the  schist  belt  is  composed  of 
ancient  basic  lava  flows  which  have  been  folded  by  east 
and  wost  movements  so  that  the  originally  horizontal 
beds  (flows)  are  now  steeply  inclined.  On  the  eastern  side 
of  the  schist  belt  the  beds  dip  to  the  west  at  an  angle  of 
about  6U-'  and  on  the  western  side  of  the  belt  they  mostly 
dip  to  the  east  at  very  high  angles,  beiug  in  some  cases 
vertical.  The  general  he  of  these  rocks  is  indicated  by 
shading  on  Hate  II. 

On  the  east  side  of  the  main  mass  of  the  belt  is  a 
wide  band  of  jjranitic  material  forming  the  "  conglo- 
merate sericB."  This  series  is  largely  composed  of  granite 
and  gneiss  and  contains  bauds  and  patches  of  the  horn- 
blendic  rocks.  It  is  probably  intrusive  into  the  horn- 
blende schists,  but  it  contains  numerous  louoded  lumps 
or  pebbles   and  was  at  one  time  regarded    as  a  coD- 


On  the  east  of  the  conglomerate  series  is  a  long 
narrow  band  of  hornblende  schist  and  to  the  east  of  this 
stretches  a  wide  expanse  of  gneissic  granite  extending  for 
many  miles.  On  the  west  of  the  main  mass  of  the 
schists  there  is  likewise  a  wide  expanse  of  gneissic 
granite. 

The  hornblendic  rocks  were  most  probably  lava 
flows   composed   of  pyroxene   and  felspar,  but  owisag   to 


metamorphic  changes  the  pyroxene  has  completely  altered 
into  bluish-green  hornblende  and  the  existing  rocks  ar^ 
composed  essentially  of  this  hornblende  with  felspar  and 
a  little  ilmenite.  Local  subsidiary  changes  have  given 
rise  to  quartz,  calcite,  mica  and  sphene  in  comparatively 
small  quantities.  The  texture  of  the  rocks  varies  con- 
siderably in  different  beds,  but  their  chemical  composition 
is  very  fairly  uniform.  Signs  of  considerable  crushing 
are  evident  in  many  of  the  beds  or  layers  which  now 
possess  a  schistose  structure  and  the  whole  series  of 
hornblendic  rocks  may  be  classed  as  "  hornblende  schists" 
or  "  epidiorite." 

These  hornblende  schists  occupy  a  more  or  less 
trough-like  depression  in  the  surrounding  granitic  rocks, 
but  the  structure  of  the  belt  does  not  seem  to  be  that 
of  a  simple  synclinal  fold  but  rather  a  portion  of  a  syncline 
more  or  less  distorted  and  broken  up  by  the  intrusive 
granites.  The  section  (Plate  II)  does  not  pretend  to 
represent  the  actual  shape  of  the  lower  boundary  of  the 
schists,  which  is  doubtless  very  irregular,  but  merely  gives 
the  probable  average  distribution  of  the  various  rocks 
represented  in  relation  to  the  depth  and  position  of  Edgar's 
Shaft.  The  shaft  is  practically  half  a  mile  in  depth  and 
is  not  far  from  the  middle  of  the  main  mass  of  the  schist 
and  the  latter  probably  extends  downwards  for  well  over 
a  mile  below  the  bottom  of  the  shaft. 

The  conglomerate  series    is    a   very  complex  one 

and  no    direct    determination   of 
SpMdfic  Gra^ty  of  the     ^j^^  specific  gravity  is  possible,  but 

Conglomerate  Senet.  ^      .       °  i  j      i 

from  vanous  samples  and  a  know- 
ledge of  the  general  character  of  the  complex  the  specific 
gravity  may  be  estimated  at  about  2*68. 

The  gneissic  granites  are  also 

Specific  Gravity  of  the     Very  complex,  but  it  will  probably 
eartern      and    western     ]^  fairly  correct  to  take  the  specific 


For  the  purpose  of  the  Pendalnm  observations,  the 

specific  gravity  of  the  hornblende 
HoS&^S^^^  ^    8c^»8t8  which  so  largely  surround 

the  point  of  observation  is  of  the 
chief  importance  and  fortunately  a  number  of  actual 
samples  of  the  rocks  met  with  in  Edgar's  Shaft  have  been 
preserved  and  their  specific  gravity  determined.  A 
similar  series  has  also  t>een  determined  for  BuUen's  Shaft 
which  is  situated  about  a  mile  and  a  half  north  of  Edgar's 
Shaft. 

These  observations  enable  the  densities  at  these 
points  to  be  very  closely  determined  and  the  same  results 
may  be  extended  to  the  whole  mass  of  the  hornblende 
schists  without  appreciable  error. 
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The  following  table  gives  the  specific  gravity  of  the 
specimens  taken  at  the  depths  mentioned  from  the  two 
shafts : — 

TABLE  A. 


Edoar's  Shaft. 

BuLLEN's  Shaft. 

Serial 
No. 

Depth  in 
feet. 

8p.  Gr. 

Serial 
No 

Depth  in 
feet. 

8p.  Gr, 

1 

668 

318 

1 

100 

2-90 

2 

692 

296 

2 

200 

300 

3 

737 

2-98 

3 

300 

2-96 

4 

749 

315 

4 

400 

2-99 

5 

764 

2-98 

5 

500 

303 

6 

767 

2  96 

6 

600 

305 

7 

803 

304 

7 

700 

301 

8 

813 

303 

8 

800 

303 

9 

838 

2-90 

9 

900 

303 

10 

860 

2-98 

10 

1000 

296 

11 

883 

2-96 

11 

1100 

301 

12 

1000 

300 

12 

1200 

2-96 

13 

HOC 

2  98 

13  1   1300 

300 

14 

1200 

2-93 

14 

1400 

301 

15 

1300 

310 

l.") 

1.500 

3  01 

16 

ISnO 

2-96 

16 

1600 

3.05 

17 

1600 

2  98 

17 

1700 

3  04 

18 

1700 

305 

18 

1800 

305 

19 

1900 

300 

19 

1900 

2-99 

20 

2000 

3-02 

20     2000 

306 

21 

2100 

3-03 

21 

2100 

314 

22 

2200 

302 

22 

2200 

301 

23 

2300 

302 

23 

2300 

307 

24 

2400 

300 

24 

2400 

306 

25 

2500 

305 

25 

2500 

303 

26 

2600 

314 

26 

2600 

300 

27 

•  •  • 

•  •  • 

27 

2700 

3-04 

28 

•  •  • 

•  •• 

28 

2800 

300 

29 

•  « • 

•  •  • 

29 

2900 

2-97 

Aver 

age 

3013 

Aver 

age 

3016 

The  foregoing  table  shows  that  the  homblendic  rocks 
in  which  these  shafts  have  been  sank  are  very  nniform  as 
regards  specific  gravity.  The  average  results  for  the  two 
shafts  are  the  same  within  the  limits  of  error  of  the 
determinations  and  the  maximum  variation  does  not 
exceed  5  per  cent,  of  the  average  value. 

Before  accepting  these  average  values  there  are  a  few 
points  which  require  consideration.    These  are : — 

(1)  Depth  to  which  weathenng  has  affected  the  rocks 

and  the  effect  on  the  specific  gravity. 

(2)  Extent  of  the  zon<^  of  permanent  water  satura- 

tion and  its  effect  on  density. 

(8)  Amount  of  moisture  in  the  specimens  referred  to 
in  the  above  list  and  in  the  rocks  as  they  occur 
in  the  ground. 

(4)  Allowance  for  alterations  and  replacements  of  the 
rocks  by  other  minerals. 

(1)  Weathering. — The  rocks  are  usually  considerably 
altered  down  to  a  depth  of  from  50  to  100  fe^t,  the  altera- 
tion being  greatest  at  surface  and  gradually  diminishing 
with  depth  down  to  about  the  point  at  which  the  perma- 
nent water  level  is  found.  The  decomposition  of  the  rock 
is  due  to  its  being  alternately  saturated  with  surface  waters 
and  then  dried  and  saturated  with  air.  Some  samples 
from  the  weathered  zone  which  were  examined  gave  the 
following  results . — 


1st  10  feet 

Sp.  Qr. 

1-65 

At  20  „ 

>> 

264 

„    30  „ 

>> 

2-66 

„   40  „ 

>f 

2-71 

„    50  „. 

»l 

2.82 

..  100  „ 

>} 

2-90 

The  determination  of  the  specific  gravity  of  the  more 
decomposed  specimens  presented  some  difl&culty  owing  to 
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the  fact  that  as  soon  as  the  specimens  were  placed  in  water 
they  fell  to  pieces  producing  a  sludge  at  the  bottom  of  the 
vessel.  For  the  purpose  required  the  determination  of  the 
specific  gravity  of  the  powdered  or  broken  up  rock  would 
be  useless  as  what  is  required  is  the  density  of  the  rock 
mass  as  a  whole  including  the  porous  parts  or  air  space. 
In  order  to  arrive  at  an  approximate  value,  the  specimens 
were  coated  with  varnish  which  was  allowed  to  dry  and 
this  had  the  desired  effect  of  keeping  the  specimen  from 
crumbling  und  preventing  the  escape  of  air  for  a  sufficiently 
long  time  to  enable  the  weight  in  water  to  be  determined. 
The  figure  1*65  as  thus  determined  for  the  more  decom- 
posed rock  near  the  surface  is  probably  not  far  from  the 
truth,  but  it  must  be  remembered  that  even  in  the  highly  de- 
composed zone  there  are  harder  and  heavier  portions  which 
are  less  weathered.  In  fact  the  first  10  or  20  feet  from 
surface  is  unquestionably  the  most  variable  as  regards 
density  and  in  endeavouring  to  fix  an  average  value  it 
would  probably  be  fair  to  assume  it  to  be  about  2. 

Assuming  this  to  be  correct  and  that  the  average 
density  of  each  descending  layer  taken  over  a  large  area 
increases  regularly  and  continuously  for  the  first  100  feet, 
we  may  with  the  aid  of  the  abovementioned  figures  draw 
a  curve  which  will  give  the  following  results : — 

At  surface,      density    =  2*0 


„    10  feet 

=  2-3 

,»   20    „ 

=  2-5 

„   30    „ 

=  2-64 

,.   40    „ 

=  2-75 

„   50    „ 

=  2-82 

,,100    „ 

=  2-90 

These  figures  may  be  assumed  to  be  fairly  correct  and 
probably    more  trustworthy  than  actual  determinations 
derived  from  a  limited  number  of  samples. 
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(2)  Zone  of  permanent  water  saturation. — ^The  per- 
manent water  level,  anless  locally  disturbed,  is  nsoally 
found  between  50  and  100  feet  from  tbe  surface  and  it  ex- 
tends downwards  to  from  250  to  300  feet  from  surface.  In 
other  words,  between  these  levels  the  rock  is  permanently 
saturated  with  water ;  above  the  upper  level  the  rock 
becomes  saturated  after  the  rains  and  dries  again  during 
the  dry  season  while  below  the  lower  level  the  rock 
is  free  from  any  appreciable  quantity  of  water  except 
along  certain  fissures  or  planes  of  weakness  such  as  those 
connected  \i  ith  many  of  the  quartz  reefs,  dykes  or  cross- 
courses. 

The  foregoing  remarks  apply  to  the  conditions 
usually  found  in  the  schists,  but  in  the  case  of  Edgar's 
Shaft  it  is  reported  that  very  little  water  was  met  with 
and  that  only  at  a  depth  of  about  260  feet  from  surface. 
If  this  was  so  the  water  zone  at  Edgar*s  Shaft  must  have 
been  of  very  limited  extent  vertically. 

It  luay  he  worth  while  to  enquire  what  eflFect  this 
water  has  on  the  density  of  this  zone  of  wet  rock.  The 
first  three  figures  in  the  table  for  Bullen*s  Shaft  show 
that  the  specific  gravity  of  the  rock  in  this  zone  is  very 
slightly,  if  anything,  lower  than  the  average  specific 
gravity  at  lower  depths.  These  figures  were  however 
determined  on  specimens  which  had  been  removed  from 
the  shaft  for  some  time  and  were  practically  dry.  They 
do  not  represent  therefore  either  the  specific  gravity  of 
the  specimens  in  situ  or  the  density  of  the  combined 
rock  and  water. 

To  determine  the  effect  of  saturation  by  water  four 
specimens  from  Bullen*s  Shaft  were  weighed,  then 
soaked  in  water  for  24  hours  and  after  allowing  the  surface 
to  dry  re- weighed  and  their  specific  gravity  determined. 
The  specific  gravity  of  four  similar  specimens  without 
soaking  in  water  was  also  determined  for  comparison. 
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Besnlts  were  as  follows  : — 


1 

Weight  be- 
fore soak- 
ing, gms. 

Weight 
after  soak- 
ing, gms. 

1 
! 

Water   ; 
absorb- 
ed. 

Sp.  Gr. 

after 
soaking. 

Sp.  Gr. 

Before 

soaking. 

12 

44-877 

44-882 

•005 

2-99 

2-96 

1 
15         24148 

24-155 

•007 

3-00 

301 

21 

28190 

28-195 

-005 

3-12 

314 

22 

38-257 

38-272 

•015 

3-03 

3-01 

The  amount  of  water  absorbed  is  very  small  indeed 
and  its  efiect  on  the  specific  gravity  also  very  slight.  As 
the  water  which  is  absorbed  displaces  air,  there  ought  to 
be  in  each  case  a  slight  increase  of  specific  gravity,  but 
two  of  the  results  show  a  decrease  which  must  be  attri- 
buted to  the  fact  that  the  specimens  used  were  noi  identical 
but  were  dilBFerent  fragments  from  the  same  sample  of 
rock  and  also  to  experimental  errors. 

Four  specijnens  from  Edgar's  Shaft  were  then  taken 
and  their  specific  gravity  determined  and  the  same  four 
specimens  were  subsequently  soaked  in  water  for  24  hours 
and  their  specific  gravity  again  determined  with  the 
following  results : 


No.  in  Table  A. 


Sp.  Gr.  before 
soaking. 


Sp.  Gr.  after 
soaking. 


1 

9 

20 

26 


318 
2-90 
302 
314 


318 
2-98 
3-03 
3-16 
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From  these  results  we  see  that  saturation  with  water 
increases  the  specific  gravity,  but  only  to  a  very  slight 
extent. 

It  must  be  noted  however  that  all  of  the  above  speci- 
mens are  taken  from  below  the  water  zone  and  that  there 
might  be  a  greater  absorption  of  water  in  specimens  from 
that  zone.  No  such  specimens  are  available  from  Edgar's 
Shaft,  but  the  first  three  specimens  (Table  A)  from 
Bullen's  Shaft  may  be  taken  as  representative.  The  specific 
gravity  of  these  was  therefore  determined  after  soaking 
in  water  with  the  following  results : 


No.  in 
Table  A. 


Feet.  specimens. 


Sp.  Gr.  after 
soaking  in 
water. 


1 

100 

'2-90 

296 

•2 

•200 

301 

sol 

3 

300 

2-96 

2-97 

No.  1  is  distinctly  a  more  altered  rock  than  the  others 
and  the  increase  in  its  specific  gravity  is  marked  as  might 
be  expected. 

The  average  specific  gravity  of  these  three  specimens 
after  soaking  in  water  is  2*98. 

The  quantity  of  water  which  is  absorbed  by  the  rock 
is  so  small  that  it  cannot  form  the  source  of  the  free 
water  which  is  luet  with  in  sinking  through  the  w*ater 
zone  and  the  latter  must  therefore  occur  essentially  in 
joints  and  cracks  in  the  rock.  This  means  that  the 
density  of  the  rock  in  this  zone  must  be  less  than  that  of 
the  specimens  above  determined  owing  to  the  presence  of 
these  joints  and  cracks  filled  with  water.     If  we  assume 
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that  such  joints  and  cracks  amount  in  value  of  one  per 
cent,  of  the  mass,  we  would  have  99  parts  wet  rock  weigh- 
ing 2*95  and  one  part  of  water  weighing  '01,  giving  a  com- 
bined density  for  the  mass  of  rock  and  water  of  2'96. 
This  is  an  approximation  in  the  right  direction  and  in 
default  of  more  accurate  data  may  be  adopted. 

(3)  Moisture. — Below  the  permanent  water  zone  the 
rocks  of  the  schist  belt  are  found  to  be  practically  dry, 
that  is  to  say,  when  excavations  are  made  therein  no  water 
exudes  from  the  rock  and  the  surfaces  of  the  excavation 
remain  to  all  appearance  dry  except  in  a  few  cases  where 
a  plane  of  weakness  in  the  rock  happens  to  be  intersected 
and  permits  the  percolation  downwards  of  water  from  the 
permanent  water  zone.  Taken  as  a  whole,  the  rock>3 
below  this  zone  may  be  regarded  as  dry.  On  the  other 
hand  there  is  no  doubt  that  they  contain  some  absorbed 
water  the  amount  of  which  might  be  appreciably  different 
from  that  contained  in  the  specimens,  referred  to  in  Table 
A,  which  had  been  removed  from  the  shafts  and  exposed  to 
the  air  for  considerable  periods.  In  order  to  obtain  some 
infonnation  on  this  point  two  specimens  A  and  B  were 
obtained  from  underground  from  two  fresh  excavations, 
the  specimens  being  freshly  broken  out  and  immediately 
sealed  in  jars. 

A  was   taken   frouj  a  crosscut  West,  28th   level. 
Champion  Eeef. 

B  was  taken  from  the  bottom  of  Bullen^s  Shaft  at 
a  depth  of  2,980  feet. 

The  specific  gravity  of  each  specimen  was  then  taken 
and  the  amount  of  moisture  present  determined  with  the 
following  results : — 

A      Specific  gravity  3*  1 2    moisture    007  per  cent. 
B  „  3-10  „  0-11       „ 
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For  com  pari  Non  with  these  the  moisture  in 
followicg  fiur  i-peciiufDfi  of  Table  A  frum  Edgar's  I 
WM  di'teniiined : — 


Scrinl  No. 

Specific  Gravity. 

Moisture. 

1 

SIS 

0-11  per  cent 

9 

2-90 

0-10 

W 

302 

0107       „ 

26 

314 

019 

It  ia  obvious  that  both  in  the  fresh  specimens  A 
and  in  the  old  specimens  of  Table  A  the  amout 
moisture  present  is  very  smalt  and  very  similar  and 
ther  that  the  actual  specific  gravities  are  as  nearly  as 
be  expected  the  same  in  the  two  cases. 

We  m^y  therefore  regard  the  specific  gravities  | 
in  Table  A  as  fairly  representing  the  fresh  rocks  in 

(■1)  litjiuence  of  alteratiuni  and  replacementf.— 
bottom  of  Edgar's  Shaft  where  the  pendulum  observai 
were  made  is  2,628  feet  below  the  surface.  At  2,370 
a  quartz  reef  4  feet  wide  cuts  across  the  shaft  at  an  a 
of  &<)"  and  at  2,405  feet  another  quartz  reef  3  feet 
similarly  crosses  the  shaft.  In  addition  to  these  be 
numerous  small  striogers,  gashes  and  headings  of  qu 
and  calcite  occur  throughout  the  mass  of  the  schists 
these  all  tend  to  lower  the  average  density  of  the  scb 
It  is  difficult  to  estimate  the  amount  and  influenc 
these  lighter  portions,  but  it  is  very  probable  that  the 
not  exceed  one  per  cent,  of  the  whole  mass  and  are 
vet;  far  short  of  this  figure  and  we  may  assume 


SJ 
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per  cent,  to  be  correct  for  purposes  of  calculation  in  default 
of  more  exact  data.  From  Table  A  we  get  3"0146  as  the 
average  density  of  the  homblendic  rock  which  forms  99 
per  cent,  of  the  whole  mass  and  the  remaining  one  per 
cent,  is  composed  of  quartz  with  a  little  calcite  the  average 
density  of  which  may  be  taken  at  2*6.  A  unit  mass  will 
therefore  be  composed  of  99  parts  weighing  2*98:13  and 
of  1  part  weighing  0026,  the  sum  of  which  fij^ures  gives 
3*0108  as  average  density  of  the  aggregate,  which  is  pro- 
bably as  close  an  approximation  as  can  be  obtained  with 
the  data  to  hand. 

It  will  be  unnecessary  to  introduce  any  temperature 

correction  for  the  specimens  from 
Correction  for  ^he  first  300  feet  in  depth  as  the 

Temperature.  '^ 

figures  already  deduced  can  be 
regarded  as  only  very  approximate  and  the  influence  of 
any  small  change  in  the  density  of  this  layer  would  be 
inappreciable.  For  the  constant  density  of  3*0103  which 
has  been  obtained  for  the  rock  below  the  300  feet  level 
it  seems  worth  while  to  introduce  the  temperature 
correction  as  a  further  approximation. 

The  average  temperature  of  the  water  in  which  the 
specific  gravity  determinations  were  made  was  about 
28^  C.  and  the  specific  gravity  of  water  at  this  tempera- 
ture is  0*9963  referred  to  water  at  4P  C.  as  density. 

The  average  density  of  the  rock  referred  to  water  at 
4®  C.  as  unity  will  therefore  be 

3-0103  X  0-9963=2-999  and  the  final  result  may 
be  taken  as  3*00. 

The  results  which  have  been  obtained  go  to  show  that 

for   the  mass   of  the   hornblende 

""       '  schists  comprising  the  Kolar  Belt 

the  density  increases  from  surface  downwards  according  to 
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the  following  scale : — 

At  surface, 

density 

=  200 

„    10  ft. 

»i 

=  ?'30 

..    20., 

>» 

=  2-50 

ft     30  „ 

If 

=  2-64 

..     40  „ 

»» 

=  2-75 

,.     50  „ 

If 

=  2-82 

„  100  .. 

>i 

=  2-90 

„  200.. 

«f 

=  2-96 

,,  tiOO  ,1 

•• 

=  3-00 

and   that   below  300  feet   the  density   remains  on   the 
average  constant  at  3*00. 

The  results    can,  from   the  nature  of  the  case,  be 
regarded  only  as  approximate  and  the  introduction  of  a 
number  of  small    corrections  does   not   imply  that   the 
figures  are  considered  to  be  accurate  within  the  limits  of 
those    corrections.     The   average   of   the  determinations 
given  in  Table  A   was  3*0145    and  the   value   as    finally 
corrected   is  300  and  the   difference  between   these  two 
values   is   certainly    within  the   limits   of    experimental 
error.     On  the    other  hand   a  discussion  of  the  various 
corrections  to   be  applied  has   shown  that  they   are   all 
minute  and   cannot    influence   to  any  great  extent  the 
results   determined  from  a  fairly  representative   series  of 
specimens. 

On  Plate  HI  a  transverse  section  through  Edgar's 
Shaft  is  shown,  the  materials  for  which  have  been  kindly 
supplied  by  the  Superintendent  of  the  Mysore  Gold 
Mining  Company,  and  alongside  this  is  given  a  diagram 
showing  the  average  values  of  the  density  from  surface 
downwards  as  deduced  in  the  foregoing  notes. 
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NOTES  ON  ELECTRIC  SMELTING  OF 

IRON  AND  STEEL. 


By  W.  F.  Smbeth,  m.  a.,  d.sc., 
State  Geologist  and  Chief  Inspector  of  Mines  in  Mysare, 


These  notes  embody  the  technical  portions  of  a  report 
prepared  by  me  at  the  request  of  the  Government  of 
His  Highness  the  Maharaja  of  Mysore  and  are  the  out- 
come partly  of  some  experiments  made  with  the  Stassano 
furnace  at  Tmin  in  January  1908  and  partly  of  a  study 
of  various  other  processes  for  the  Electrothermal  treat- 
ment of  iron  and  steel  which  have  been  tried  or  operated 
during  the  past  ten  years  or  so. 

As  the  notes  may  be  of  some  interest  to  others  who 
are  working  in  these  subjects,  I  have  obtained  permission 
to  publish  them  in  their  present  form. 

At  the  request  of  Major  Stassano  I  paid  a  visit  to  his 
works  at  Turin  in  November  1907  for  the  purpose  of 
witnessing  some  trials  for  the  reduction  of  iron  ore  in  an 
electric  furnace  of  1,000  h.p.  Owing  to  a  strike  of 
workmen  at  Turin,  the  furnace  was  not  ready  for  work 
when  I  arrived,  and  subsequently  the  necessary  power  to 
run  the  furnace  could  not  be  obtained,  as  during  the 
winter  months  the  entire  output  of  the  Electric  Power 
Company,  from  which  the  current  was  to  have  been 
obtained,  was  required  for  lighting  and  other  purposes  in 
the  town  of  Turin. 

I  was  unable  therefore  to  witness  the  particular  trials 
which  I  had  gone  to  Turin  to  see,  but  Major   Stassano 
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The  electriodes  are  carbon  rods  sLttached  to  steel  pistons 
which  travel  in  water-jacketed  cylinders  attached  to  the 
shell  of  the  fnmace;  the  pistons  with  their  carbons  are 
moved  towards  and  away  from  the  centre  of  the  furnace 
by  small  hydraulic  rams,  the  valves  to  which  are  worked 
by  hand  at  the  operating  table  which  is  situated  some 
distance  from  the  furnace  in  view  of  the  voltmeter  and 
ammeters. 

Plate  n  shows  sections  of  the  various  furnaces  erected 
at  the  Fomi  Termoelecttrico  Stassano  at  Turin  drawn  to 
a  scale  of  j^. 

The  small  furnace  of  100  h.p.  (Fig.  1)  is  fixed  and 
has  two  electrodes  carrying  monophase  alternating  current 
at  70  volts  and  1,000  amperes. 

Fig.  2  represents  either  the  rotating  or  the  oscillating 
furnace  of  200  h.p.  There  are  three  electrodes  supplied 
with  three-phase  alternating  current.  In  the  oscillating 
furnace,  which  was  the  one  used  for  the  experiments 
with  iron  ore,  the  voltage  was  150  and  the  current 
normally  700  amperes.  In  the  revolving  furnace  the 
voltage  was  rather  lower  and  the  current  higher.* 

Three  arcs  are  formed  between  the  points  of  the  3 
carbons  at  a  short  distance  above  the  charge  on  the  hearth. 

In  the  oscillating  furnace  there  is  of  course  no  revolv- 
ing gear  or  brushes  below  the  furnace  which  is  hung  on 
trunnions  and  can  be  slowly  rocked.  The  slag  when 
sufficiently  fluid,  as  was  the  case  in  the  ore  experiments, 
can  be  poured  off  through  the  tap  hole  by  tilting  the 
furnace 

Fig.  3  is  a  section  of  a  fixed  furnace  of  1,000  h.p. 
with  three  pairs  of  electrodes  supplied  with  three-phase 
current.  The  three  arcs  which  are  formed  are  distributed 
over  a  considerable  area  and  give  a  better  distribution  of 
heat  over  the  charge.  This  furnace  was  not  in  commis- 
sion at  the  time  of  my  visit. 

Fig.  4  is  a  section  of  the  new  revolving  furnace  of 
1^000  h.p.  in  which  there  are  also  three  pairs  of  electrodes 
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giving  three  arcs  dirtribated  round  the  eireomference 
of  a  circle  of  some  3  to  4  feet  in  diameter.  This  allows 
of  the  possibility  of  dropping  the  briquettes  from  the 
top  opening  on  to  the  hearth  withont  damaging  the 
carbons  or  short-circniting  the  arcs. 

On  the  whole,  the  furnace  performs  its  function  of 
furnishing  a  practically  closed  chamber  with  an  internal 
source  of  heat  very  well.  The  adjustment  and  replace- 
ment of  electrodes  are  simple  matters  and  the  arcs  are 
easily  controlled.  The  carbons  do  not  come  in  contact 
with  the  charge  and  the  arcs  remain  steady  except  just 
after  fresh  material  is  charged  when  the  gases  evolved 
make  them  rather  jumpy. 

The  lining  is  a  rather  expensive  and  troublesome  item 
and  tends  to  break  away.  A  little  patching  can  be  effect- 
ed through  the  side  door,  bat  on  the  whole  this  is  the 
least  satisfactory  part  of  the  arrangement  and  may  pos- 
sibly be  improved  with  further  experience. 

On  the  whole  the  furnace  appeared  to  me  to  be  a  very 
satisfactory  contrivance  and  particularly  suitable  for  ex- 
perimental work  with  various  kinds  of  material  and  for 
various  classes  of  operation. 


II.— PEODUCTION  OF  STEEL  FROM  SCRAP 
IN  THE  STASSANO  FURNACE. 

For  several  years  past  a  Stassano  furnace  of  the 
revolving  type  of  about  200  h.p.  capacity  has  been  at 
work  at  the  Government  ordnance  works  at  Turin  and 
appears  to  have  been  giving  every  satisfaction.  The 
furnace  is  employed  in  the  melting  up  of  various  kinds 
of  workshop  scrap  and  the  production  therefrom  of  steel 
for  the  manufacture  of  shot. 

The  furnace  has  three  electrodes  which  are  supplied 
with  a  three-phase  current  at  about  80  volts. 


The  usual  charge  is  about  600  Kg.  of  scrap  with  a 
little  iron  ore  and  limestone. 

The  charges  vary  in  composition  between  the  following 
extremes : — 

Cast  iron  scrap          ...  150  to  300  Eg. 

Iron  and  steel  scrap  . . .  450  to  300    „ 

Ore          ...                 ...  29  to    64     „ 

Limestone                 ...  6  to    12     ,, 

The  furnace  turns  out  an  average  of  2,500  Kg.  of 
steel  per  24  hours  in  4  heats.  The  difference  in  weight 
between  the  scrap  charged  and  the  steel  produced 
amounts  to  a  loss  of  2  per  cent,  a  very  low  figure  in  view 
of  the  fact  that  over  two-thirds  of  the  scrap  is  usually 
in  the  form  of  turnings.  If,  however,  we  calculate  the 
total  weight  of  iron  in  the  charge  (including  ore)  and  the 
weight  of  iron  in  the  steel  produced,  the  loss  on  the 
operation  amounts  to  about  4}  per  cent,  which  is  still  a 
low  figure. 

The  consumption  of  energy  for  each  charge  of  600  Kg. 
is  about  850  K.  W.  hours  measured  on  the  primary 
transformer,  which,  taking  into  account  the  losses  in  the 
transformer  and  secondary  conductors,  gives  a  consump- 
tion of  772  K.  W.  hours  or  say  1,300  K.  W.  hours  per 
metric  ton  of  steel.* 

This  is  a  higher  figure  than  some  which  I  shall  have 
occasion  to  refer  to  later  both  for  the  Stassano  furnace 
and  for  other  furnaces ;  but  it  is  important  to  note  that 
the  furnace  is  not  a  very  large  one  and  that  a  consider- 
able portion  of  the  charge  consists  of  cast  iron  which 
requires  the  addition  of  iron  ore  to  decarburize  it,  there- 
by increasing  the  quantity  of  heat  required  and  length- 
ening the  operation. 

As  the  result  of  work  extending  over  a  considerable 
period  at  his  own  works  at  Turin,  Major  Stassano  has 


*  ThroQgfaoat  these  noies  the  metrio   ton    will   be  used.    One  metric 
ton=2,904'62  lb. 
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famished  me  with  the  following  figures  as  to  consump- 
tion of  energy  for  the  production  of  steel  from  steel  scrap 
to  which  a  small  quantity  of  pig  iron  is  added  for  deoxi- 
dizing rust : — 

100  h.p.  furnace        ...     2,400  K  W.  hours 

per  ton  of  steel 

200     „  „  ...     1,400 

These  figures,  however,  include  stops  and  experiments 
as  well  as  lighting  and  would  be  reduced  in  regular 
systematic  work ;  but  they  show  the  marked  advantage 
due  to  increase  of  capacity. 

During  my  visit  to  Turin  I  watched  either  completely 
or  partially  a  large  number  of  charges  being  put  through 
the  200  h.p.  revolving  furnace  and  through  the  200 
h.p.  tilting  furnace  and  of  some  of  these  I  will  now 
give  particulars. 

I  may  say  that  in  no  case  did  I  see  any  hitch  or  dif- 
ficulty about  the  progress  of  the  operation,  or  at  any  rate 
nothing  more  serious  than  the  occasional  breaking  of  an 
electrode,  which,  if  broken  off  too  short  for  further  work, 
was  easily  and  rapidly  replaced  without  interrupting  the 
work  of  the  furnace,  as  a  single  arc  continues  to  be 
maintained  between  the  other  two  electrodes. 

In  the  following  tables  the  weight  and  composition  of 
each  charge  is  given,  the  com{^nents  being  stated  in  the 
order  in  which  they  are  charged.  It  will  be  noticed  that 
the  pig  iron  is  charged  in  two  portions.  The  time  at 
which  charging  commenced  and  at  which  the  metal  was 
tapped  is  also  shown. 


Date    08   : 
No.  olg 


^  1  -B 

<  y 
u, 

Alumi  J 
Time  ) 
Time  j 
Durat  ; 


200 
150 
100 


10—1—08  11- 

339  ! 

200  I 

150  1 
iOO 


015 
11—15 
17—30 
6—15 


18—0 
1—0 

7-0 


200 
150 
400 


1—30 

9—45 
8—15 
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Before  analysing  the  figures  in  the  foregoing  tables  it 
ivill  be  desirable  to  make  a  few  general  remarks. 

Table  A  gives  the  record  of  eight  successive  charges  in 
the  revolving  furnace;  but  this  succession  is  particularly 
interesting  as  it  embraces  the  period  of  relining  of  the 
furnace. 

Charge  No.  283  on  the  2nd  January  1908  was  the 
final  charge  with  the  old  lining  which  had  been  in  use  for 
the  greater  part  of  the  previous  month.  Owing  to  the 
^rearing  away  of  the  lining,  the  capacity  of  the  furnace 
tends  continually  to  increase  with  consequent  prolonga- 
tion of  the  smelting  and  refining  operation.  Thus  it  will 
be  seen  that  charge  No.  283  on  the  2nd  January  1908 
weighed  1,030  Egs.  and  occupied  15  hours,  while  the 
charges  immediately  after  relining  weighed  820  Kgs.  and 
occupied  from  6^  to  lOf  hours. 

The  relining  took  a  little  over  6  days,  but  I  have  no 
doubt  from  my  observations  of  the  work  that  this  period 
could  easily  be  reduced  to  5  days  and  most  probably  to 
4  days.  For  relining  a  larger  furnace  of  say  1,000  h.p. 
I  should  think  that  from  6  to  7  days  would  be  required. 

The  lining  of  a  200  h.p.  furnace  lasts  on  an  average 
22  days,  and  if  we  allow  between  4  and  5  days  for 
]^elining,  we  may  reckon  the  time  lost  at  about  ^  taken 
over  an  extended  period  such  as  a  year.  In  other  words, 
out  of  365  days,  61  would  be  occupied  in  relining,  leaving 
roughly  a  clear  300  working  days.  Whether  this  would 
be  more  or  less  with  the  1,000  h.p.  furnace,  I  am  unable 
to  say. 

In  order  to  arrive  at  an  estimate  of  the  time  required 
per  charge  and  per  ton  of  steel  produced,  it  may  be  noted 
that  the  time  for  charge  283  (Table  A)  is  for  some  reason 
exceptionally  long  even  for  a  large  charge.  Also,  the 
time  for  charge  328  is  exceptionally  long  owing  to  its  be- 
ing the  first  charge  after  relining  and  the  furnace  not 
being  at  full  heat.  It  would  be  fair,  therefore,  to  omit 
these  two  figures  and  take  only  the  next  six  charges  as 
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representing  the  average  work  of  the  fomace  at  this  stage. 
These  last  six  charges  have  a  total  weight  of  4,920  Kgs., 
and  were  in  the  f nmaoe  for  a  total  period  of  43  hoars,  30 
minutes.  The  cnrrent,  however,  is  not  on  tor  the  wh<de 
of  this  period,  heing  cut  off  for  about  an  hour  daring  each 
charge  daring  skimming  of  the  slag.  This  redooes  the 
total  time  by  6  hoors  to  37}  hoars. 

On  the  total  charge  or  4,920  Kgs.,  there  will  pro- 
baUy  be  a  loss  of  aboat  five  per  cent,  say  245  Kgs., 
maldng  a  total  product  of  4,675  Kgs.,  for  87'5  hoars  of 
current. 

This  gives  approximately  8  hours  of  current  per  ton  of 
steel. 

Passing  now  to  Table  B,  it  may  be  noted  that  the 
charges  are  not  consecutive.  This  is  partly  owing  to  the 
fact  that  various  other  experiments  were  made  in  between 
the  charges  of  scrap  steel  and  also  because  I  have  not  con- 
sidered it  necessary  to  enumerate  all  the  charges  which 
were  put  through  during  my  visit.  They  all  run  much 
about  the  same,  but  to  avoid  partiality  I  have  taken  one 
charge  for  each  day  and  as  far  as  possible  I  have  taken 
the  charge  run  during  the  night  and  which  I  myself  saw 
finished  and  tapped  in  the  morning.  If  anything,  this 
selection  must  be  considered  disadvantageous  to  the  furnace 
as  the  men  on  night  shift  are  hardly  likely  to  be  so  keen 
and  attentive  to  work  as  those  on  day  shift,  who  are  also 
more  subject  to  supervision. 

It  is  to  be  noted  that  the  charges  in  Table  B  were 
made  during  the  latter  portion  of  the  run  of  the  furnace, 
that  is  to  say,  during  the  third  week  after  relining,  when 
the  lining  had  been  considerably  eaten  away  and  the 
capacity  of  the  furnace  increased.  In  this  respect  they 
represent  a  phase  of  work  just  opposite  to  that  represent. 
ed  by  the  last  seven  charges  in  Table  A. 

In  Table  B  nine  charges  are  tabulated  the  total  weight 
of  which  is  9,944  Kgs.  Deducting  497  Kgs.  (abouli  5 
per  cent)  for  loss,  we  have  a  total  product  of  9,447  Kgs., 
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the  making  of  which  occupied  the  furnace  for  98  hours, 
55  minutes. 

Allowing  about  an  hour  and  a  quarter  during  each 
charge  when  the  current  was  o£f,  this  gives  approximately 
87*5  hours  during  which  electrical  energy  was  supplied 
or  9  hours  per  ton  of  steel. 

These  figures  show  that,  as  the  lining  wears  and  the 
capacity  of  the  furnace  becomes  greater,  there  is  a  slight 
decrease  in  efficiency,  and  this  agrees  with  the  informa- 
tion given  to  me  by  Major  Stassano. 

The  two  furnaces  experimented  with  are  of  practically 
the  same  power  and  capacity  and  we  may  take  the 
average  time  during  which  energy  must  be  supplied  as 
about  the  mean  of  the  two  figures  obtained  above,  which 
would  be  about  8^  hours  per  ton  of  steel  produced. 

The  only  essential  difference  between  the  two  furnaces 
is  that  the  revolving  furnace  works  at  100  volts  while 
the  tilting  furnace  works  at  150  volts.  The  latter 
voltage  is  according  to  Major  Stassano  rather  too  high 
and  tends  to  produce  unsteadiness  in  the  arc.  It  is  prob- 
able  that  120  volts  would  be  better.  I  had  no  means 
of  directly  measuring  the  consumption  of  power  in  the 
furnaces,  but  for  purposes  of  calculation  I  will  take  the 
readings  of  the  voltmeter  and  ammeters  which  were  on 
the  circuit  supplying  the  electrodes  of  the  tilting  furnace 
at  a  distance  of  about  50  feet  from  the  furnace.  The 
-voltmeter  showed  150  volts  and  the  electrodes  were 
controlled  so  as  to  keep  the  current  at  about  700  amperes, 
but  at  times  there  was  considerable  oscillation  of  the 
needle.  As  the  current  supplied  to  the  furnace  is  three- 
phase,  the  product  of  volts  and  amperes  must  be  multi- 
plied by  Vs  ^^^  ^^6  power-factor  (Cos.  </>)  is  said  to 
be  0-9. 

Total  Watts=700 X 150 X 173 X 09 

=163'5  Kilowatts  which  is  equivalent  to 
about  220  h.p. 

If,  therefore,  energy  has  to  be  supplied  at  this  rate  for 
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8|  hoars  to  produce  1  ton  of  steel,  the  total  energy  need 
is  approximately  1,390  K.  W.  hours  per  ton  of  steel. 

If  anything,  this  figure  is  too  high  as  the  current  is 
allowed  to  drop  towards  the  close  of  the  operation  and 
Major  Stassano  estimates  that  with  this  furnace  the 
actual  consumption  of  energy  is  between  1,100  and 
1,200  K.  W.  hours. 

It  may  be  added  here  that  in  some  trials  made  with  the 
1,000  h.p.  furnace  the  consumption  of  energy  is  said  to 
have  been  reduced  to  800  E.  W.  hours  per  ton  of  steel 
and  although  I  am  unable  to  confirm  this  I  have  no 
doubt  that  a  considerable  reduction  is  to  be  expected  with 
the  larger  furnace. 

For  each  ton  of  steel  produced  energy  has   to  be 

supplied  for  about   8^   hours  in 

fumiJi       ^^""^  ^*       addition  to  which  about  1 J  hours 

are  spent  in  taking  off  slags,  pre- 
paration for  next  charge,  etc.  The  output  of  the  furnace 
is  therefore  nearly  2^  tons  per  24  hours,  which  means 
that  the  electric  supply  is  used  for  20  hours  and  idle  for 
4  hours  per  day.  We  have  already  seen  that  relining 
takes  about  ^  of  the  time  of  the  furnace ;  adding  the  above 
loss  we  may  estimate  that  the  furnace  is  idle  for  }  of 
its  time  so  far  as  the  electrical  supply  is  concerned.  This 
has  got  to  be  taken  into  account  no  matter  in  what  way 
the  electric  power  has  to  be  paid  for.  If  the  power 
plant  is  owned  by  the  users  of  the  furnace,  it  will  increase 
the  capital  and  working  charges;  if  the  power  is  pur- 
chased by  metre,  it  will  to  some  extent  tend  to  increase 
the  rate ;  per  unit  and  if  purchased  on  a  flat  rate,  it  will 
have  to  be  fully  allowed  for.  In  a  large  plant  with  several 
furnaces  the  loss  of  time  due  to  relining  can  be  completely 
avoided  at  the  cost  of  installing  a  sufficient  number  of 
spare  furnaces,  and  the  other  interruptions  will  tend  to 
balance  one  another  and  permit  of  a  good  factor  being 
maintained.  The  point  is,  however,  one  which  must  not 
be  lost  sight  of  in  estimating  cost  of  production  from 
figures  as  to  actual  amount  of  energy  required. 
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Composition  op  Charoe  and  op  Steel  produced. 

The  charges  enumerated  in  Tables  A  and  B  were  com- 
posed of  materials  having  the  following  composition  per 
100  parts : — 


C. 


Si. 


S. 


P. 


Mn. 


Pig  iron 
Lathe  turnings 
Drillings,  etc. 
Foundry  scrap    . 
Ferro  silicon 
Ferro  manganese 


_   - 

3-8 

1-8 

001 

0-02 

0-3 

01 

006 

006 

0-3 

07 

0083 

0067 

0-25 

010 

007 

008 

0-35 

51-65 

.  •  ■ 

0-13 

6-409 

0-233 

Trace 

0-295 

0-37 
0-53 
0076 
0-6 
0-36 
70-732 


The  composition  of  any  of  the  charges  can  therefore 
be  calculated,  and  as  an  illustration  we  will  take  charge 
No.  335  from  Table  B  which  was  put  through  on  the 
9th  January  1908. 

From  the  weights  of  the  various  materials  charged  and 
their  respective  compositions  as  'given  above,  the  com- 
position of  charge  No.  335  was — 

C  =056    per  cent. 
Si.=0'26 
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S  =0064 
P  =0068 
Mn.=0-91 

The  steel  produced  from  this  charge  had  the  following 
composition  according  to  an  analysis  made  at  Turin : — 

Sample  Pg. 
C  =0'22  per  cent. 
Si. =016 
S  =006 
P  =004 
Mn.=045 


>» 


9> 


»> 


14 


A  test  piece  of  this  steel,  16  mm.  diameter  and  100  mm. 
in  length,  gave  a  breaking  strain  of  12,067  Egs.,  with  an 
elongation  of  19  mm.  or  in  British  units — 

Tensile  strength  =38'3  long  tons  per  square  inch. 
Elongation  =19  per  cent. 

Reduction  of  area =52*36  per  cent. 


A  sample  (No.  309  P4)  was  also  taken  from  the  steel 
produced  from  charge  No.  309  tapped  on  7th  January 
1909. 

The  composition  of  the  charge  was  practically  the  same 
as  the  foregoing  (No.  335)  and  the  ingot  was  sent  to 
Mr.  Harbord  for  analysis  and  testing  with  the  following 
results : — 

Sample  No.  309  P4. 

0126 
0067 


Composition. 

Carbon 

Silicon 

Sulphur 

Phosphorus 

Manganese 


0051 
0033 
0-467 


The   following  physical  tests  were  made  by  Messrs. 
Kirkaldy  &  Sons  : — 

Test  No.  Q.  Q.  427. 

Description  :     Forged  bar  P4  309,  ^^  square. 
Original  diameter  (turned)  . . .  0*618  inch. 

Do     area  ...  0*300  square  inch. 

Elastic  stress  per  square  inch  42,800  lbs. =19*1  tons 

(long). 
Ultimate  do  ...  61,900  lbs.=27-6  tons 

(long). 
Batio  of  elastic  to  ultimate 

stress  ...  ...  69'1  per  cent. 

Yield   point  by  drop  of 

steelyard  ...  ...  20*4  tons  per  sq.  inch. 
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Oontraction  of  area  at 

fracture  . .  ...  60*3  per  cent, 

in  2  inches  ...  365         „ 

in  3  inches  ...  27*3         ,, 

^  in  8  inches  ...  14' 1         „ 

Appearance  of  fracture  . . .  Silky  ;  pitted. 


Extension 


Test  No.  Q.  Q.  428. 

Another  bar  stamped  P4  309,  \^"  square,  was  subjected 
to  12  blows  from  weight  of  100  lbs.,  falling  5  feet,  with- 
out breaking.  The  bar  was  reversed  after  each  blow. 
Greatest  total  deflection  0*72  inch. 


The  steel  is  used  for  small  castings  and  it  will,  I  think, 
be  admitted  both  from  the  composition  given  above  and 
from  the  results  of  the  tests,  that  the  material  is  very 
excellent  for  the  purpose.  Numerous  blacksmith's  tests 
were  also  made  from  the  various  charges,  the  usual  pro- 
cedure being  to  draw  part  of  an  ingot  under  the  hammer 
into  a  bar  about  f "  square.  The  bar  was  heated  rather 
above  dull  redness  and  then  quenched  in  water  and 
bent  over  on  itself  cold.  In  every  case  the  bending  was 
effected  without  any  flaw  or  crack  being  produced. 

In  comparing  the  composition  of  the  charge  with  that 
of  the  steel  produced,  it  may  be  noted  that  the  charge  is 
fairly  high  grade  and  that  the  reduction  of  impurities  in 
the  cast  steel  is  not  very  great  compared  with  the 
reduction  effected  in  other  processes  for  the  production  of 
high  grade  tool  steels.  On  the  other  hand,  it  must  be 
remembered  that  in  the  case  of  the  charges  quoted  in 
Tables  A  and  B  there  is  no  need  for  great  purification  as 
a  very  high  class  product  is  not  required. 

For  the  production  of  a  higher  grade  product,  further 
manipulation  is  required  involving,  no  doubt,  expenditure 
of  energy,  but  there  is  no  reason  why  the  highest  grade 
of  steel  should  not  be  produced  in  this  furnace,  and  I  am 
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informed  by  Major  Stasaano  that  ▼^7  high  grade  toed 
steels  have  been  produced  in  experimental  trial  runs. 


Cost  of  Smelting  Stbbl  Scrap. 

The  following  figures  of  the  cost  of  prodacing  one 
metric  ton  of  steel  were  given  to  me  by  Major  Stassano. 
The  figures  refer  to  work  with  one  furnace  of  200  h.p. 
and  one  of  100  h.p.  giving  a  combined  output  of  4  tons 
of  steel  per  24  hours.     (1  Lira=10d.) 

liire. 
Charge. — Scrap  steel,  etc.,  1,050  Kg.   at    Lr. 
100  per  ton  ...  ...  ...105 

50  Eg.  Limestone  at  Lr.  20  per  ton  ...      1 

8  Kg.  Ferro  Manganese,  Ferro  Silicon  at  Lr. 

450  per  ton...  ...  ...  ...      3'60 

1  Kg.  Aluminium  at  Lr.  4'5  per  Kg.  .  .^.      4'5 

Labour, — 2  Shifts  of  7  men  and  1  foreman ; 
each  man  received  Lr.  4  and  foreman  Lr. 
5 ;  for  output  of  4  tons  this  gives  per  ton  . . .    16*50 
Electrodes. — Average  consumption  per  ton  is 

4  Kg. ;  at  Lr.  04  per  Kg.  ...  ...      160 

Breakage  and  waste  estimated  at  ...      2*40 

Lining, — Of  furnace  ...  ...  ...    25*00 

Power, — 1,300  K.  W.  hours  (including  lighting) 
supplied  by  the  Electric  Power  Company  at 
Lr.  002  per  K.  W.  hour  ...  ..     2600 

General  expenses, — Office,  interest,  etc.  ...    40'00 


Total  per  ton  of  steel         ...  225*60 

In  English  money  this  is  approximately  £9  per  ton. 

Several  of  the  above  items  are  high  owing  to  the  small- 
ness  of  the  plant,  and  for  furnaces  working  on  a  larger 
scale  it  is  obvious  that  the  charges  for  general  expenses, 
Is^bour  and  power  would  be  reduced  and  probably  some 
of  the  other  items  also. 
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Major  Stassano  estimates  that  a  furnace  of  1,000  h.p. 
would  produce  16  tons  per  24  hours  with  the  same  labour 
as  given  above. 

The  cost  for  labour  would  therefore  be  reduced  to 
Lir.  4  per  ton. 

The  power  (taken  at  800  K.  W.  hours)  would  be  re- 
duced to  about  Lr.  16  and  the  general  expenses  to  Lr.  10 
per  ton. 

If  all  the  other  items  remain  as  before,  the  reduction 
would  amount  to  Lr.  52' 50,  giving  a  total  cost  of  about 
Lr.  173  or  rather  under  £7  per  ton. 

Cost  of  furnace, — The  furnace  is  undoubtedly  of  an 
expensive  type.  The  following  figures  refer  to  those 
constructed  at  Turin  : — 

200  h.p.  furnace — ^revolving-type,  complete,  iL 

costs  Lr.  20,000     ...  ...  . . .  =     800 

200  h.p.    furnace— tilting    type,    costs 

Lr.  15,000  ...  ...  ...  =     600 

1,000  h.p.  furnace — revolving  type,  costs 

Lr.  50,000  ...  ...  ...  =  2,000 

It  must  be  noted,  however,  that  costs  for  iron  and  steel 
work  are  high  in  Italy  and  there  is  no  doubt  that  these 
furnaces  could  be  made  elsewhere  at  considerably  lower 
figures. 

'Refractory  lining, — This  is  made  of  magnesia  bricks. 

A  lining  for  a  200  h.p.  furnace  costs  Lr.  1,000=^40 
and  for  a  1,000  h.p.  furnace,  Lr.  5,000=£200. 

A  lining  lasts  about  22  or  23  days  and  the  material  for 
relining  costs  f  to  f  of  the  original  amount. 

At  Turin  the  magnesia  bricks,  which  are  obtained  from 
Austria,  cost  Lr.  300  (£12)  per  ton.  This  is  undoubt- 
edly a  high  figure.  The  bricks  have  the  following  com- 
position : — 

MgO  =  84 — 85  per  cent. 

SiOa  =15         per  cent. 

PcaOs,  AI9O3  =  5 —    4  per  cent. 

CaO  =  5 —    4  per  cent. 
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While  I  was  at  Turin  a  trial  was  being  made  with 
silica  brick  for  the  lining  of  the  roof  of  the  furnace,  bat  I 
have  not  yet  heard  the  result. 

In  localities  more  favourably  situated  for  the  supply  of 
magnesite  and,  if  the  bricks  are  manufactured  at  or  near 
the  smelting  works,  the  cost  of  the  refractory  lining  as 
indicated  above  should  be  capable  of  very  material  re- 
duction. 

Electrodes. — The  electrodes  used  at  Turin  are  imported 
and  cost  Lr.  0'4  per  Eg.  The  waste  material  can  be 
resold  at  Lr.  0*08  per  Kg. 

The  electrodes  in  use  did  not  appear  to  me  to  be  of 
very  high  quality  and  an  improvement  in  this  respect 
would  save  waste  and  breakage  as  well  as  loss  of  time. 
If  good  electrodes  were  manufactured  at  the  smelting 
works,  the  cost  should  be  capable  of  reduction  and  the 
advantage  would  be  gained  of  using  up  broken  pieces 
and  remnants  to  make  new  electrodes.  The  figure,  Lr.  4, 
for  the  cost  of  electrodes  per  ton  of  steel  as  given  by 
Major  Stassano  appears  to  me  to  be  fair  and  reasonable 
under  present  conditions  but  ought,  I  think,  to  be  capable 
of  reduction  in  the  manner  above  indicated.  To  deter- 
mine the  cost  of  electrodes  would  require  close  observation 
of  the  operations  over  an  extended  period  and  naturally 
I  was  unable  to  secure  this.  A  few  observations  which 
I  made  with  the  200  h.p.  Tilting  furnace  gave  the  fol- 
lowing results : — 

An  electrode  1,500  mm  long  and  80  mm  diameter 
was  found  to  weigh  11'7  Kg. ;  a  length  of  100  mm 
weighs  therefore  0*78  Kg. 

(1)  The  three  electrodes  were  pushed  forwards  to- 
wards the  centre  of  the  furnace  until  their  points  were  about 
the  diameter  of  an  electrode  apart.  They  could  not  be 
made  to  touch  for  fear  of  breaking  them  and  the  distance 
between  the  points  had  to  be  estimated.  They  were  then 
retired  and  the  arcs  started. 

After  5^  hours  run  the  current  was  stopped  and  the 
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points  of  the  electrodes  again  brought  towards  the  centre 
to  the  same  distance  apart  as  before  as  closely  as  could 
be  judged.  By  measuring  the  respective  positions  of  the 
electrode  holders  it  was  found  that  the  electrodes  had 
been  shortened  by  77  mm.,  50  mm.  and  18  mm.  respect- 
ively, or  a  total  of  145  mm. 

The  electrodes  tend  to  wear  down  to  the  shape  of  an 
acute  truncated  cone,  the  thin  end  being  about  50  mm.  in 
diameter,  and  I  estimate  that  the  weight  of  the  electrode 
actually  consumed  will  not  be  very  different  from  the 
weight  of  a  piece  of  new  electrode  equal  in  length  to  the 
distance  by  which  the  electrode  is  advanced  during  con- 
sumption. 

The  total  distance  advanced  by  the  three  electrodes 
was,  as  given  above,  145  mm.  and  this  at  0*78  Eg.  per 
100  mm.  gives  a  total  weight  of  1*131  Eg.  in  5^  hours  or 
0'205  Kg.  per  hour. 

(2)  Another  observation  on  similar  lines  was  made 
over  a  run  of  8  hours  and  the  three  electrodes  were  re- 
duced in  length  by  500  mm.  representing  3*9  Eg.  and 
including  a  small  piece  which  broke  off  No.  2. 

This  gives  a  consumption  of  0'488  Kg.  per  hour. 

(3)  In  the  third  test  each  electrode  was  taken  out 
and  weighed  with  its  holder  at  the  beginning  and  end  of 
the  experiment. 

No.  1 . — Original  weight       ...  ...     73     Eg. 

Weight  after  18  hours  run     ...     69      „ 

Consumption    of    electrode  ...       4     Eg. 
or  0  222  Kg.  per  hour 

No.  2. — Original  weight       ...  ...71*4     Eg. 

Broke  off  short  after  2  hours. 
Weight  including  broken  por- 
tion     ...  ...  ...  70*4 


Consumption  ...  ...    I'O     Eg. 
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New  electrode,  weight  . . .  74'4    Kg. 

Weight  after  17 J  hours  ...  71*4 


f» 


Consumption  ...  ...    3'0     Kg. 

Total  consumption  4  Kg.  in  19^ 
homs^O'208  Kg.  per  hour 

No,  3. — Original  weight        ...  ...73*5     Kg. 

Weight  after  18  hours  . . .  690       „ 


Consumption  ...  ...    4'5     Kg. 

or  0*25  Kg,  per  hour. 

The  consumption  of  the  three  electrodes  was  therefore 
0'68  Kg.  per  hour.  This  figure  is  higher  than  that 
obtained  in  the  previous  observations,  but  the  electrodes 
were  not  so  good  in  quality  and  small  pieces  broke  off 
them  several  times. 

The  average  of  the  three  sets  of  observations  gives 

0'205^0'488+0'68        ^,^„^  ,  ^^ 
o =  0*457  Kg.  per  hour.  If  we  reckon 

that  the  furnace  takes  8^  hours  to  produce  1  ton  of  steel, 
the  consumption  works  out  at  3'88  Kg,  per  ton  of  steely 
which  agrees  very  well  with  Major  Stassano's  figure  of 
4  Kg.  If  we  go  by  the  third  experiment  only  as  being 
the  most  accurate,  we  get  0*68  Kg.  per  hour  or  6'45  Kg. 
per  ton  of  steel  which,  considering  the  inferior  quality  of 
the  electrodes,  also  tends  to  confirm  Major  Stassano's 
estimate.  The  cost  of  these  4  Kg.  of  electrode  is,  at 
Turin,  Lr.  1'6  and  in  addition  Major  Stassano  allows  a 
charge  of  Lr.  2*4  for  breakage  and  waste  making  a  total 
of  Lr.  4  (or  Bs.  4d.)  per  ton  of  steel.  This  appears  to  me 
to  be  a  fair  allowance  and  one  which  is  capable  of  re- 
duction if  better  material  is  used  and  if  the  electrodes  are 
manufactured  at  the  works. 


21 


HI.    PRODUCTION  OF  STEEL  FROM  ORE 
IN  THE  STASSANO  FURNACE. 

The  production  of  steel  from  scrap  as  described  in  the 
previous  section  can  be  and  is  being  effected  in  the  Stas- 
sano  furnace.  The  question  as  to  whether  the  furnace  is 
more  suitable  or  less  suitable  for  that  purpose  than  various 
other  types  of  furnace  which  have  been  devised  or  which 
are  at  present  in  use,  is  a  matter  for  discussion  which  may 
for  the  present  be  left  open. 

On  the  other  hand,  the  reduction  of  iron  ore  and  the 
direct  production  of  steel  therefrom  in  one  operation  is  a 
process  which  Stassano  has  specially  set  himself  to  develop 
and  for  which  his  furnace  has  been  specially  designed  and 
no  one  else  has  endeavoured  to  attain  the  same  end  nor 
appears  to  be  anxious  to  do  so. 

Some  ten  years  ago  Stassano  set  himself  to  work  on 
this  problem  and  an  account  of  his  aims  and  arguments 
together  with  a  record  of  certain  trials  made  and  a  de- 
scription of  the  various  types  of  furnace  experimented 
with  will  be  found  in  a  pamphlet  *  published  by  the  in- 
ventor in  1902. 

I  think  I  am  right  in  saying  that  steel  metallurgists 
have  been  consistently  opposed  to  the  process  and  that 
they  regard  it  as  impractical.  It  is  certainly  a  distinct 
departure  from  established  precedent  and  from  the  usual 
weU-tried  methods  of  work  and,  although  metallurgists 
may  be  prepared  to  admit  that  it  is  possible  to  put  a  rich 
pure  ore  into  the  electric  furnace  and  produce  therefrom 
in  one  operation  a  material  which  is  undoubtedly  steel,  they 
appear  to  consider  that  the  results  are  liable  to  be  too  un- 
certain to  form  the  basis  of  a  commercial  process  for  the 
manufacture  of  so  definite  and  delicately  balanced  a  pro- 
duct as  that  now  demanded  from  the  modern  steel  maJ^er. 


*  Prooesso  Termo-Elettrico  per  la  Bidazione  dei  Minerali  di  Ferro.    Er- 
nesto Stasuno,  Boma,  1902. 

0  a 
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It  was  with  considerable  interest,  therefore,  that  I  ac- 
cepted Major  Stassano's  invitation  to  witness  the  latest 
trials  of  this  process  in  the  new  1,000  h.p.  fomace,  but 
onfortonately,  for  reasons  which  I  have  already  explained, 
the  trials  did  not  come  oS.  I  however  obtained  Major 
Stassano's  consent  to  make  some  trials  of  the  process 
with  one  of  the  200  h.p.  fomaoes,  then  in  commission 
at  Turin  for  the  manufacture  of  steel  from  scrap,  for  the 
sake  of  watching  the  working  of  the  furnace  and  of  gain- 
ing some  preliminary  information  which  might  be  useful 
in  the  event  of  further  trials  being  considered  desirable. 
Before  describing  the  experiments  which  were  made,  I 
will  briefly  refer  to  some  points  in  the  pamphlet  published 
by  Major  Stassano  in  1902. 


EARLIER  EXPERIMENTS  AT  DARFO. 

The  fomace  used  at  Darfo  for  the  experiments  on  the 
redaction  of  iron  ore  was  a  small  non-rotating  fomace  of 
aboot  100  K.  W.  capacity.  The  corrent  osed  was  mono- 
phase and  was  led  into  the  fomace  by  two  moveable 
carbon  electrodes  giving  a  single  arc.  The  maximnm 
voltage  was  100  and  the  maximom  corrent  1,000  amperes. 
The  ore  osed — the  specolar  hematite  of  the  Island  of 
Elba — was  of  exceptionsd  pority  and  its  composition  is 
given  by  Stassano  as  follows : — 

FeA  ...  ...     92020 


MnO 

SiOa 

CaO,  MgO 

S 

P 

Moisture 


0-619 
3' 790 
0-600 
0058 
0056 
1-720 
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This  material  was  pulverised  and  made  into  bricquettes 
with  sufficient  limestone  and  coke  for  reduction,  the  bind- 
ing material  used  being  tar. 

The  composition  of  the  bricquettes  was  as  follows  : — 

Iron  ore  ...  ...     1,000 

Limestone  ...  ..        125 

Coke  ...  ...        160 

Tar  ...  ...        120 

The  composition  of  the  limestone,  coke  and  tar  was : — 

Limestone : — 

CaO  ^-  61*210  per  cent. 

MgO  =    3110 

SiOa  -=    0-900 

AlA,  Fe«03      -    0-500 

COa  -  43-43 
Coke  : — 

Carbon  --  90-420  per  cent. 

Ash  =-    3-880 

Moisture  =    5*700 


Tar: 


Carbon  (fixed)   ^  59-200  per  cent. 
Hydrocarbons   —  40-500         „ 
Ash  =    0-270 
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The  foUowmg  statement  gives  the  essential  details 
of  five  experiments : — 
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In  the  above  statement  it  may  be  noticed  that  there  is 
some  discrepancy  in  the  figures  of  the  8rd  experiment. 
Either  the  weight  of  charge  or  the  weight  of  product  or 
the  percentage  of  extraction  is  incorrectly  stated. 

The  composition  of  the  soft  iron  produced  in  these  ex- 
periments was :— 


Experiment 

1 

2 

3 

4 

5 

Fe 

99647% 

99704% 

99690% 

99742% 

99764% 

Mn 

0106 

0096 

0109 

0  083 

0092 

Si 

0048 

0022 

0028 

trace 

trace 

S 

0073 

0062 

0046 

0065 

0069 

P 

00065 

0024 

0013 

00016 

0009 

C 

0120 

0092 

0113 

0091 

0990 

From  the  thermal  equations  of  the  various  reactions 
which  are  considered  to  take  place  Stassano  has  calcu- 
lated the  "  thermal  efficiency  "  of  the  furnace  in  these 
five  experiments,  or  in  other  words,  the  ratio  of  the  quan- 
tity of  heat  actually  required  for  the  reactions  to  the 
quantity  of  heat  supplied  electrically,  and  he  obtains 
the  following  figures : — 


No.  of  experiment 

1 

2 

3 

4 

5 

Thermal  efficiency  %  ... 

45*66 

37*07 

4111 

8802 

erss 

A  consideration  of  the  data  affi)rded  by  these  experi- 
ments shows  that  from  pure  materials,  such  as  those  used, 
it  is  possible  to  produce  a  pure  soft  iron  or  steel  in  one 
operation  and  that  the  character  of  the  product  remains 
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very  taitly  constant  and  would  no  doubt  be  still  more  so 
in  operations  condncted  on  a  uniform  plan. 

Of  the  iron  originally  contained  in  the  ore  there  is  a 
recovery  of  from  91  to  95  per  cent,  or  a  Iobb  of  from  5  to 
9  per  cent, — a  fignre  which  compares  very  fovomrably 
with  any  existing  process  for  the  redaction  of  ore  to  pig 
iron  and  its  sabseqnent  conversion  to  steel. 

With  regard  to  elimination  of  Bnlphor,  from  one-fourth 
to  half  of  the  snlphnr  present  in  the  ore  has  been  remov- 
ed. The  amount  in  the  ere  is  however  so  small  that 
no  special  precautions  for  its  removal  are  necessary,  nor 
do  any  seem  to  have  been  taken.  This  is  a  point  to 
which  I  shall  refer  later,  but  so  far  as  the  present  experi- 
ments go,  the  information  afforded  is  of  little  value  in 
regard  to  ores  which  may  suffer  from  a  high  percentage 
of  this  undesirable  element. 

Similar  remarks  apply  to  the  phosphorus  owing  to  the 
small  amount  contained  in  the  ore,  but  it  will  be  noticed 
that  even  this  small  amount  has  been  very  considerably 
eliminated  (from  74  per  cent  to  98  per  cent  being  removed) 
as  might  be  expected  from  the  very  basic  character  of  the 
slag  which  would  be  formed  mider  the  conditions  of  the 
experimentB. 

The  energy  supplied  to  the  furnace  varied  very  con- 
siderably in  the  different  experiments  and  decreased  as 
the  weight  of  the  charge  increased,  a  result  which  tends 
to  show  that  the  furnace  was  not  working  at  its  full  capa- 
city and  that  heat  was  being  wasted. 

The  effect  of  reducing  the  voltage  or  current  during  a 
portion  of  the  run  as  in  experiments  4  and  5  is  also  very 
marked  and  gives  as  the  maximum  result  a  Uttle  over 
3,000  K.  W.  hours  per  ton  of  steel  produced,  with  a  cal- 
culated thermal  efficiency  of  over  60  per  cent. 

I  think  there  is  little  doubt  that  these  figures  could  be 
improved  upon  with  a  larger  furnace  furnished  with  mul- 
tiple electrodes,  such  as  the  new  revolving  furnace  of 
1,000  h.p.  recently  erected  at  the  Fomi  Staasanoat  Turin. 
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The  advantage  to  be  derived  from  reducing  the  power 
of  the  furnace  for  a  portion  of  the  run  is,  of  course,  a 
question  of  cost  and  arrangement  and  is  obvious  if  the 
power  is  paid  for  by  meter  according  to  the  total  energy 
consumed.  If,  however,  the  power  is  paid  for  on  a  flat 
rate,  it  would  be  necessary  to  have  several  furnaces  in 
commission  at  the  same  time  and  arrange  their  working, 
so  that  while  the  power  in  some  is  being  increased,  in 
others  it  is  being  diminished  so  as  to  keep  the  load  factor 
as  uniform  as  possible.  The  experiments  show  clearly 
the  advantage  of  reducing  the  power  during  what  may  be 
called  the  period  of  gestation  and  these  advantages  would, 
I  think,  be  still  more  marked  in  dealing  with  less  pure 
materials  from  which  the  elimination  of  impurities  would 
be  imperative  and  for  which  the  time  element  is  of  the 
greatest  importance.  To  gain  this  time  without  expend- 
ing energy  in  the  production  of  unnecessary  heat  is,  I 
think,  a  problem  of  very  great  importance  in  view  of  the 
very  disproportionate  extension  of  the  time  of  operation 
which  comparatively  small  quantities  of  impurity  involve. 
It  is  very  probable,  as  claimed  by  Stassano,  that  the  rotat- 
ing type  of  furnace  which  he  has  devised  would  materially 
help  to  reduce  the  time  required. 

These  early  experiments  on  the  direct  reduction  of  iron 
ore  to  soft  iron  or  steel,  and  Stassano's  claims  as  to  the 
feasibility  and  advantages  of  such  a  process  and  its  appli* 
cability  in  places  where  fuel  is  scarce,  have  been  the  sub- 
ject of  a  good  deal  of  comment  most  of  which  has  been  of 
an  adverse  character. 

The  experiments  have  undoubtedly  demonstrated  that 
a  soft  steel  can  be  made  from  ore  in  the  electric  furnace 
and  that  the  material  produced  maintains  a  very  fairly 
constant  character,  but  exception  has  been  taken  to  the 
fact  that  remarkably  pure  materials  were  used  for  the 
experiments  which  therefore  afford  no  guide  as  to  the 
results  which  would  be  obtained  from  the  poorer  and  less 
pure  ores  commonly  available  for  smelting  purposes  and 
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with  8Qch  ores  it  has  been  held  that  Stassano's  prooesa 
would  be  unlikely  to  work  satisfactorily  and  to  yield  a 
product  the  type  of  which  would  be  sufficiently  reliable 
and  controllable  to  suit  the  need  of  the  modem  steel 
maker.  Further,  most  otiier  workers  on  the  subject  ap- 
pear to  consider  that  if  the  economic  conditions  are  such 
as  to  render  an  electrical  smelting  process  possible,  the 
most  desirable  plan  would  be  to  first  produce  a  pig  iron 
and  to  subsequently  refine  the  pig  to  the  extent  necessary 
for  the  various  grades  of  steel  required,  thus  following 
the  usual  practice  in  vogue  in  fuel-fired  furnaces.  It  is 
considered  that  this  latter  plan  would  have  many  advanta- 
ges particularly  where  large  outputs  have  to  be  dealt  with. 
If  any  considerable  industry  is  to  be  developed  in  electri- 
cal smelting  of  iron  ore  and  production  of  steel,  large  out- 
puts for  individual  plants  are  a  necessary  factor  for  success ; 
and  unless  or  until  working  on  a  large  scale  is  rendered 
practicable,  the  industry  must  remain  a  restricted  one 
in  the  lines  of  special  and  high-priced  steels  and  for  re- 
fining purposes.  Of  recent  years  several  attempts  have 
been  made  to  develop  an  electric  furnace  suitable  for  the 
production  of  pig  iron  from  ore  on  a  commercial  scale. 
Several  experimental  plants  have  more  or  less  demon- 
strated the  possibility  of  the  production  of  pig  iron  from 
ore  on  a  small  scale,  but  I  am  not  aware  that  any  furnace 
for  working  on  a  large  scale  has  yet  been  devised  which 
is  satisfactory  on  the  technical  side  or  which  could  com- 
pete with  the  products  of  fuel-fired  furnaces  even  when 
the  latter  have  to  be  imported  from  long  distances. 

I  had  hopes  that  the  proposed  experiments  with  Stas- 
sano's  1,000  h.p.  furnace  would  throw  some  light  on  the 
various  objections  which  have  been  raised  against  his 
process;  but  as  these  did  not  come  off  I  endeavoured  dur- 
ing my  visit  to  Turin  to  obtain  some  further  information 
than  that  afforded  by  the  Darfo  experiments  by  means  of 
a  few  trials  in  a  furnace  of  200  h.p.  which  Major  Stas- 
sano  kindly  placed  at  my  disposal.     The  furnace  used 
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^was  the  tilting  furnace  already  referred  to  in  connection 
-with  the  production  of  steel  from  scrap,  on  which  work  it 
^was  at  the  time  in  commission,  and  the  changes  from  the 
scrap  to  the  ore  processes  and  vice  versa  were  made  with- 
out any  break  or  delay  or  preparation  of  the  furnace. 


TBIALS  MADE  AT  TURIN. 


Ghabacteb  of  obe  used. 

My  first  object  was  to  obtain  an  ore  which  would  not 
be  regarded  as  unusually  rich  or  pure,  but  rather  the 
reverse.  Major  Stassano  obtained  for  me  some  iron  ore 
\¥hich  after  calcination  was  carefully  sampled  and  found 
to  have  the  following  composition: — 


a  ore  dried  at  212°  C 

enti{ 

jra 

de. 

(No.  A) 

Silica 

•  •  • 

15110 

Ferric  oxide 

68-130 

Ferrous  oxide    . . . 

Trace 

Alumina 

1-450 

Oxide  of  manganese 
Lime 

3-110 
2-306 

Magnesia 

Sulphur 

Phosphoric  acid 

Loss    on    ignition, 
matter,  combined  wi 

orgs 
ater, 

bni( 
C( 

7-206 
0-324 
0052 

2130 

Total 

•    •    • 
■    •    • 

99-817 

Moisture 

0-90 

Metallic  iron 

•    •    • 

47-69 

Phosphorus 

I 

m   m 

0023 
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It  will  be  admitted  that  this  is  by  no  means  a  rich  or 
.favonrable  ore.  Mr.  Harbord  who  kindly  made  this 
analysis  for  me,  as  well  as  most  of  those  quoted  in  this 
section,  remarks  as  follows : — 

''  From  the  analysis  of  the  ore  and  bricquette  it  will  be 
seen  that  although  the  ore  is  fairly  high  in  iron  and  low 
in  phosphoros,  the  sulphar  is  exceptionally  high  and  even 
the  iron  content  is  below  what  are  regarded  as  high  class 
hiematite  ores.  The  hasmatite  ores  used  in  England 
average  50  per  cent  of  metallic  iron  and  rarely  contain 
more  than  0'05  per  cent  of  sulphur  and  the  difficulties  of 
producing  steel  of  the  highest  class  from  ore  containing 
over  0-30  per  cent  of  sulphur  are  undoubtedly  great." 

I  hoped  that  the  phosphorus  in  the  ore  would  also  be 
high,  but  as  there  is  no  great  difficulty  in  getting  rid  of  a 
considerable  percentage  of  phosphorus  under  the  condi- 
tions of  the  electric  furnace,  the  low  content  of  this  ele- 
ment is  not  of  very  much  consequence. 


Bricqubttes. 

From  an  analysis  of  the  ore  made  at  the  works  the 
following  composition  for  the  bricquettes  was  adopted : — 

Ore                   ...        1,000  parts  63  percent. 

Charcoal           ...          240      „  15  „ 

Marble              ...          350      „  22 
The  wood  charcoal  used  contained — 

Moisture                 ...                ...  7'7  percent. 

Ash                         ...                ...  67  „ 

Carbon  by  difference                  ...  85*6  ,, 

The  various  materials  were  pulverised  and  mixed  with 
a  little  tar  and  made  into  bricquettes  in  a  small  press,  the 
size  of  the  bricquette  being  a  circular  disc  about  3*  in 
diameter  by  1"  thick ;  the  bricquettes  were  sampled  and 
found  to  have  the  following  composition : — 
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Analysis  of  bricquettes  (No.  Bi). 

Dried  at  212^  C 

Silica 

...       17-560 

Ferric  oxide 

...      41131 

Ferrous  oxide 

Trace 

Alumina 

1*673 

Oxide^of  manganese 

1-694 

Lime 

...      11-240 

Magnesia 

4-610 

Sulphur 

0-347 

Phosphoric  acid 

0050 

Loss  on  ignition,  organic  matter, 

combined  water,  COg 

...      21-600 

Total 

...      99-905 

Moisture 

104 

Metallic  iron 

28-79 

Phosphorus 

003 

Trial  A. 

This  was  a  trial  run  for  the  production  of  mild  steel 
containing  about  0'2  to  0*3  per  cent  of  carbon  and  not 
more  than  0-05  per  cent  of  sulphur  and  0*05  per  cent  of 
phosphorus. 

400  Eg.  of  bricquettes  were  used  containing  approxi- 
mately 115*16  Eg.  of  iron. 


At  10  A.M.,  on  the  3rd  January  1908,  about  900  Eg. 
of  mild  steel,  produced  from  scrap,  were  tapped  from  the 
furnace  and  cast  in  a  number  of  moulds. 

10-30. — The  charging  of  the  bricquettes  commenced, 
the  bricquettes  being  shovelled  into  the  furnace  through 
the  side  door. 

10-45. — 250  Eg.  had  been  charged  and  door  shut. 
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10-50.— Current  turned  on  At  150  toUb  and  aboot 
700  ampB.  Ampere  meter  very  jmnpy.  Much  gas 
issQing  from  the  cracks  of  the  charging  door  which  is  the 
only  opening  into  the  fomace,  the  top  being  compleie 
without  any  escape  port  for  the  gaaes. 

11-20. — Current  fairly  steady  at  about  700  amps. 

12  noon. — Opened  door.  Charge  pasty,  melted  in  the 
centre  and  boiling  actively. 

Charged  75  Kg.  of  bricquettes. 

12-50  P.M. — Charge  nearly  all  melted  and  boiliiig 
actively.     Charged  75  Kg.  bricquettes. 

Total  charge  put  in^-400  Eg. 

2  P.M. — Charge  completely  fused,  gas  ceased  burning 
at  charging  door. 

Cut  off  current. 

2-30  to  2-40  P.M. — Furnace  tilted  and  slag  poured  off. 
Slag  very  fluid — weight  157  Kg. 

2-45  P.M. — Closed  tap,  put  furnace  upright  and  charged 
7  Kg.  of  calcium  carbide  and  some  pieces  of  metal  from 
bottom  of  slag  pot. 

2-60.  — Turned  on  current. 

3-40. — Gave  furnace  a  lew  slow  oscillations. 

3-66. — Opened  tap,  turned  off  current  and  poured  the 
steel  into  ladle.     Very  little  slag. 

At  this  point,  unfortunately,  the  bottom  came  out  of  the 
ladle  and  the  steel  poured  into  the  casting  pit  where  it 
solidified  as  a  brittle  spongy  mass,  the  weight  of  which 
was  129  Kg. 


Trial  B. 


The  bricquettes  used  were  similar  to  those  used  in 
Trial  A,  but  a  charge  of  800  Kg.  was  used  as  the  furnace 
was  by  no  means  working  up  to  its  full  capacity  with  the 
charge  of  400  Kg.  previously  used. 

The  object  as  before  was  to  produce  a  mild  steel  con- 
taining from  0*2  to  0'3  per  cent  of  carbon  and  with  sul- 
phur and  phosphorus  each  not  exceeding  0'06  per  cent. 
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At  4-25  P.M.  on  the  3rd  January,  immediately  after 
the  conclusion  of  Trial  A  a  charge  of  scrap  was  put  in 
the  furnace  and  finished  by  12  p.m.  At  1  a.m.  on  the 
morning  of  the  4th  another  charge  of  scrap  was  put  in 
and  tapped  at  9-45  a.m.  and  I  at  once  commenced  charg- 
ing bricquettes  for  Trial  B. 

10-5  to  10-25.— Charged  299-3  Kg.  of  bricquettes. 

10-30. — Current  switched  on,  very  jumpy  at  first,  but 
fairly  steady  by  10-50.     Volts  150,  amps,  about  750. 

12  noon. — Charge  fairly  well  melted.     Charged  100*7 

Kg. 

1-25. — Flame  dropped.  Current  between  750  and  800 
amps. 

1-40.— Tapped  1st  slag.  Weight  136-7  Kg.  Threw 
in  5  Kg.  of  calcium  carbide. 

1-45  to  1-55. — Charged  238  Kg.  of  bricquettes ;  action 
very  brisk ;  much  gas  coming  off.  Current  somewhat 
jumpy. 

3-0  to  3-10. — Charge  all  melted  and  bubbling  very 
briskly.     Charged  162*3  Kg. 

Total  charge  800*3  Kg.  of  bricquettes. 

3-20. — Current  steady,  about  775  amperes. 

4-30. — Opened  door ;  bath  boiling  briskly.  On  shut- 
ting furnace  door  flame  ceased  to  issue. 

4-50. — Gave  furnace  a  few  tilts  and  tapped  slag; 
weight  of  slag  161*2  Kg. 

5-0. — Took  Dip  sample  Bg.  from  bath. 

5-10. — Charged  10  Kg.  of  calcium  carbide.  Current 
between  500  and  600  amps. 

5-30. — Eabbled  bath,  gas  coming  off  quietly,  but  not 
burning  outside  the  door. 

5-50. — Tapped  84  Kg.  of  metal.  After  putting  a 
little  aluminium  in  the  ladle,  cast  into — 

one  large  ingot      ...  ...  No.  290 — B^ 

one  small  ingot      ...  ...  B4 

and  some  box  castings. 
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The  metal  teemed  well,  the  castings  were  sound  with 
little  piping. 


This  completes  Trial  B  the  details  of  which  will  be 
discussed  later. 

It  will  be  noticed  that  a  portion  only  of  the  metal  was 
tapped  from  the  furnace,  the  reason  being  that  during 
the  course  of  the  trial  I  decided  to  tap  about  half  the 
metal  for  investigation  as  to  how  far  the  object  of  the 
trial  had  been  attained,  namely,  the  production  of  soft 
steel  of  good  quality,  and  then  to  make  an  attempt  to 
produce  a  higher  carbon  steel  from  the  metal  remaining 
in  the  furnace.     This  attempt  I  call  Trial  G. 


Trial  C. 


In  this  the  object  was  to  make  a  steel  containing  abont 
0*6  per  cent  of  carbon  by  adding  a  calculated  weight  of 
a  pure  pig  iron  to  the  metal  in  the  bath. 

A  rough  calculation  showed  that  the  iron  in  the  800 
Eg.  of  bricquettes  would  be  about  240  Eg.  and  allowing 
5  per  cent  loss  in  the  slag  this  reduces  to  232  Eg.  of 
which  84  Eg.  had  been  tapped  in  Trial  B,  leaving  148  Eg. 
in  the  furnace. 

148  Eg.  metal  at  0'3  per  cent  C='444Eg. 

of  carbon. 

15  Eg.  of  pig  iron  at  3"8  per  cent  C='57      „ 

Total    163  Eg.  of  metal  =1014     „ 

which  gives  about  0*62  per  cent  of  C  for  the  final  product. 
On  this  basis  15  Eg.  of  pig  iron  containing  3'8  per  cent 
of  carbon  were  thrown  into  the  bath  at  6  p.m. 

At  6-7  the  bath  was  stirred  and  at  6-10  tapped. 

The  weight  of  metal  tapped  was  11068  Eg.  but  prob- 
ably all  the  metal  did  not  come  out  of  the  furnace 
owing  to  irregularities  in  the  hearth. 
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The  metal  was  cast  into — 

one  large  ingot  No.  290 — C4 

two  small  ingots  and  parts  of  two  large  ingots. 

The  large  ingot  was  about  4"  diameter  by  16"  long. 
The  metal  teemed  well  and  the  ingots  were  sound  with 
little  piping. 


RESULTS  OF  TRIAL  A. 

Owing  to  the  failure  of  this  trial,  on  account  of  the 
ladle  breaking  at  the  last  moment,  I  have  not  thought  it 
worth  while  to  make  more  than  a  very  partial  examina- 
tion of  the  products. 

Slag, — The  weight  of  this  was  157  Kg.  and  it  con- 
tained— 

Si02   ...  ...  ...  33*56  per  cent 

Fe      ...  ...  ...  11*40        „ 

Sulphur  ...  ...     0*285      „ 

The  amount  of  Fe  lost  in  the  slag  is  very  high,  being 
nearly  18  Kg.  out  of  a  total  of  115*16  Kg.  contained  in 
the  charge — a  loss  of  over  15  per  cent. 

The  weight  of  steel  produced  would  therefore  not 
exceed  about  97  Kg.;  but  as  about  129  Kg.  were  picked 
up  from  the  casting  pit,  it  is  evident  that  some  other 
material  had  been  picked  up  with  it  and  the  analysis 
cannot  be  relied  on. 

A  partial  analysis  of  some  of  this  steel  showed — 

Carbon  ...  ...  0*27  per  cent. 

Sulphur  ...  ...  013 

Phosphorus        ...  ...  0*049 

The  carbon  is  about  what  was  required,  but  the 
sulphur  is  very  high  and  either  the  metal  had  not  been 
desulphurised  or  some  materials  containing  sulphur  had 
got  mixed  with  the  molten  steel  in  the  pit. 
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BE8ULT8  OF  TBIAL  B. 

Thb  S1.A6. 

CompotUioH. 


Istshg. 
(136-7  Kg.) 

Sod  dag. 
(161^  Kg.) 

Silica 

36-960 

1 

34-640 

Ferric  oxide 

;      2-aoo 

2-900 

Ferrous  oxide    ... 

10-581 

10-800 

Alumina 

1-900 

1-880 

Oxide  of  manganese 

4-784 

4-510 

Lime 

25-580 

28-301 

Magnesia 

18-340 

17-060 

Sulphur 

0184 

0185 

Phosphoric  acid 

0110 

0-138 

Metallic  iron     ... 

9-86 

9-94 

Phosphorus 

0-048 

006 

In  its  general  character  the  slag  tends  to  approadi 
some  of  those  produced  in  blast  furnaces  making  white 
iron,  but  the  silica  is  low  and  the  oxide  of  iron,  oxide 
of  manganese  and  magnesia  are  unduly  high,  and  in  these 
respects  it  tends  to  resemble  a  moderately  acid  open 
hearth  slag  in  which  some  lime  has  been  replaced  by 
magnesia. 

The  slag  contains  9*9  per  c«nt  of  iron  and  as  there  is 

a  large  amount  of  it  the  loss  has 
been  very  considerable. 

The  iron  contained  in  the  slag  amounts  to  29*5  Kg. 
and  as  the  amount  of  iron  in  the  charge  was  230*32  Kg. 


Lo44  of  iron. 
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there  has  been  a  loss  of  12*8  per  cent  of  the  metal.  For 
purposes  of  calculation  we  may  estimate  the  total  weight 
of  steel  produced  as  200  Eg.  It  is  possible  that  less 
iron  would  have  been  lost  had  the  slags  been  made  more 
basic  by  a  larger  addition  of  lime. 

There  is  no  doubt  that  with  an  ore  containing  less  slag- 
forming  material,  the  loss  of  iron  would  be  considerably 
reduced  and  the  above  figure  tends  to  confirm  the  state- 
ment that  the  loss  in  the  Darfo  experiments  on  the  rich 
ores  of  Elba  varied  from  5  to  9  per  cent  with  an  average 
of  about  7*5  per  cent.  It  must  also  be  remembered  that 
in  the  experiment  under  discussion  we  are  dealing  with 
the  direct  production  of  steel  from  the  ore  and  the  loss 
of  iron  has  to  be  compared  not  only  with  that  due  to  the 
production  of  pig  in  other  smelting  processes,  but  with 
the  loss  during  the  manufacture  of  steel  from  pig  in 
addition ;  and  bearing  this  in  mind  the  loss  of  12*8  per 
cent  on  such  an  ore  is  not  so  unfavourable. 

In  ordinary  blast  furnace  work  with  a  high  tempera- 
ture and  basic  slag  the  greater 
iiMe       ^  ™*'*fira-        portion  of  the  manganese  passes 

into  the  iron,  and  it  is  remarkable 
that  in  the  present  case  the  converse  has  occurred.  The 
ore  used  contained  3*11  per  cent  of  oxide  of  manganese; 
the  slag  contained  4*6  per  cent  of  MnO  and  the  steel 
0*108  per  cent  of  Mn. 

The  800  Eg.  of  bricquettes  charged 

contained  ...  ...     10*52  Eg.  of  Mn. 

The  slag  contains          ...             ...  10*62     „        „ 

The  steel  produced  contains         ...  0*216  „         „ 

which  figures  show  that  practically  the  whole  of  the 

manganese  has  gone  into  the  slag. 

This  point  is  especially  interesting  in  view  of  the 
moderately  basic  character  of  the  slag  and  the  extent  to 
which  sulphur  was  finally  eliminated,  a  point  which  will 
be  discussed  later. 

D  2 


99 


38 

The  weight  of  magnesia  in  the  charge  is  36*88  Eg.,  and 
„  ,  in  the  slag  is  5200  Kg. ;  about  15 

'****^'*'  Kg.  hastherefore  beenderived  from 

the  lining  of  the  furnace,  a  portion  of  which  wonld  doubt- 
less have  been  saved  by  using  more  lime  in  the  bricquettes. 
The  amount  of  sulphur  in  the  ore  was  0*324  per  cent 
^  -  and  in  the  bricquettes  0*347  per 

cent.     The   latter    figure    would 
indicate  some  sulphur  in  the  flux  and  charcoal  used. 
The  bricquettes  charged  contain  2*776  Kg.  of  sulphur, 
and  the  slag    ...  ...     0*551 

leaving  a  balance  of       ...     2*225 
to  be  accounted  for. 

From  the  analysis  of  the  dip  sample  (B3  quoted  below) 
of  the  bath  of  steel  after  removal  of  the  slag,  the  sulphur 
remaining  in  the  steel  was  0*241  per  cent,  which  accounts 
for  another  0*482  Kg.  of  S. 

These  results  show  that  the  large  amount  of  sulphur 
originally  contained  in  the  charge  has  been  disposed  of  as 
follows : — 

Contained  in  the  slag      ...  ...         20  per  cent 

The  remaining  63  per  cent  has  disappeared  presum- 
ably  by  volatilization. 

These  results  are  noteworthy  as  being  distinctly  differ- 
ent to  what  occurs  in  blast  furnace  practice,  in  which 
usually  quite  a  small  proportion  of  the  sulphur  passes 
into  the  metal  and  the  bulk  of  the  remainder  passes  into 
the  slag,  while  comparatively  little  passes  off  by  volatiliza- 
tion. Doubtless  if  the  conditions  had  been  such  as  to 
cause  the  reduction  of  a  large  part  of  the  manganese  and 
its  absorption  by  the  metal,  the  amount  of  sulphur  in  the 
latter  would  have  been  considerably  reduced ;  and  as  regards 
the  63  per  cent,  which  I  assume  to  have  been  volatilized, 
it  may  be  noted  that  the  conditions  of  the  furnace  used 
were  very  different  to  those  in  the  interior  of  a  blast 
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furnace.  In  the  former  any  sulphur  which  did  not  im- 
mediately combine  with  the  lime  to  form  calcium  sulphide 
would  have  a  very  good  opportunity  of  escaping  from  the 
large  surface  of  the  comparatively  thin  layer  of  bricquettes 
and  molten  material  on  the  hearth,  while  in  the  blast 
furnace  any  volatilized  sulphur  would  have  to  pass  up 
through  the  heated  fluxes  in  the  shaft  of  the  furnace  and 
would  have  plenty  of  opportunity  of  combining  with  the 
fluxing  components  of  the  charge. 

It  would  be  an  interesting  and  important  fact,  if  satis- 
factorily established,  that  in  such  a  furnace  a  highly 
sulphurous  ore  loses  a  large  part  of  its  sulphur  without 
enriching  either  the  iron  or  the  slag. 

The  amount  of  phosphorus  originally  present  in  the 

^.       ^  ore  being  small  (P = 0-023) ,  the  re- 

Phosphorus.  ,,  ^,  .  '         .       X   /v 

suits  are  less  important  than  one 
could  have  desired.  The  following  figures  show  the 
results  of  the  trial : — 

Weight  of  phosphorus  in  charge     ...     0*184  Kg. 
Do  slag        ...     0162     „ 

Do  (by  difference)  steel  *  . . .  0*022  „ 
Thus  about  88  per  cent  of  the  phosphorus  passed  into  the 
slag  and  about  12  per  cent  into  the  metal.  This  is  very 
different  from  what  occurs  in  the  smelting  of  ores  in  the 
blast  furnace  where  practically  the  whole  of  the  phos- 
phorus passes  into  the  metal.  This  point  is  interesting 
although  the  total  amount  of  phosphorus  in  the  ore  was 
small  and  the  results  may  not  be  a  guide  to  what  would 
occur  with  an  ore  high  in  phosphorus.  It  is  probable  that 
the  feebly  reducing  character  of  the  charge  had  something 
to  do  with  this  unlooked-for  result,  and  this  seems  to  be 

*  The  percentage  of  phosphoms  in  the  dip  sample  of  the  bath  {vide 
Sample  Bs  on  page  42)  was  found  to  be  only  0*008  per  cent,  which  would 
mean  a  total  of  0*006  Kg.  of  phosphoms  in  the  steel.  I  think  this  figure  is 
undoubtedly  too  low  and  due  to  the  dip  sample  being  taken  from  the  surface. 
The  percentage  of  phosphorus  in  the  mild  steel  tapped  from  the  bath  was 
found  to  be  0*016,  which  would  mean  a  total  of  0*08  Eg.  of  phosphorus  in  the 
bath,  and  this  is  a  more  probable  figure  and  might  be  used  instead  of  the 
difference  figure  given  above,  without  materially  affecting  the  argument. 
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borne  out  by  the  fact  that  a  certain  amount  (2*2  per  cent) 
of  FegOs  remained  nnreduced  in  the  elag  and  that  the 
amomits  of  FeO  and  MnO  in  the  dag  are  proportionately 
large.  The  retention  of  phosphoras  in  the  slag  is  per- 
haps more  comparable  to  what  takes  place  in  an  open- 
hearth  process,  bat  at  the  same  time  it  most  be  noted  that 
the  slag  was  essentially  a  smelting  slag  for  fluxing  the 
gangue  of  the  ore  and  that  no  special  refining  slag  was  used 
for  the  elimination  of  phosphoras  from  the  smelted  metal. 
It  is  very  probable  that  in  dealing  with  more  phosphoric 
ores  it  would  be  necessary  to  apply  a  special  refining 
slag  after  the  removal  of  the  smelting  slag  in  order  to 
reduce  the  phosphorus  within  reasonable  limits. 


Quantity  op  Carbon  used. 

The  bricquettes  contained  240  parts  of  charcoal  to 
1,000  of  ore  containing  476*9  parts  of  metallic  iron. 
Taking  the  loss  of  iron  at  13  per  cent,  this  means 
240  parts  of  charcoal  consumed  for  415  parts  of 
iron  produced  or  575  Eg.  of  charcoal  per  metric  ton 
of  steel.  This  factor  is  of  importance  in  a  country 
where  fuel  is  scarce  and  expensive,  and  for  comparison  I 
may  briefly  refer  to  the  following  figures. 

In  the  experiments  made  for  the  Ccmadian  Commis- 
sion at  the  works  of  Messrs.  Keller  Leleux  &  Co.  at 
Livet,  France,  Mr.  Harbord  reports  that  the  amount  of 
coke  used  in  producing  pig  iron  in  the  electric  furnace 
was  approximately  one-third  of  the  weight  of  pig,  or 
340  Eg.  per  metric  ton.  It  is  probable  that  had  charcoal 
been  used  the  weight  would  have  been  greater. 

From  the  experiments  at  Sault  Ste  Marie,  Canada, 
with  a  Heroult  furnace  producing  pig  iron,  Dr.  Haanel 
estimates  that  half  a  ton  of  charcoal  would  be  required 
per  ton  of  pig  produced. 

The  advantages  in  regard  to  consimiption  of  carbon  in 
the  experiments  at  Livet  and  Sault  Ste  Marie  are  more 
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apparent  than  real,  as  in  both  cases  the  ore  used  was  of 
considerably  higher  grade  than  in  the  Turin  trials,  while 
the  amount  of  00^  in  ore  and  flux  was  much  lower,  there- 
by reducing  the  amount  of  carbon  required  for  its  con- 
version to  CO. 

In  the  case  of  a  rich  ore  such  as  that  used  at  Darfo, 
Stassano  estimates  that  250  Eg.  of  Coke  (C=90  per  cent) 
and  190  Eg.  of  Tar(C=59  per  cent) — ^making  a  total  of 
337  Eg.  of  carbon — would  be  required  per  ton  of  steel 
produced. 

These  figures  tend  to  show  that  for  smelting  iron  ore 
in  an  electric  furnace,  from  one-third  to  half  a  ton  of  char- 
coal or  coke  is  required  per  ton  of  pig  iron  or  steel  produced. 

For  comparison  one  may  take  it  that  a  blast  furnace 
requires  from  about  900  to  1,100  Eg.  (or  an  average  of  1 
ton)  of  either  good  charcoal  or  coke  per  ton  of  pig  iron 
produced.  To  convert  this  iron  to  steel  by  an  open 
hearth  process  would  probably  require  a  further  half  ton 
of  fuel  per  ton  of  steel. 

For  the  production  of  steel  from  ore,  therefore,  whether 
direct  or  indirect,  we  may  take  it  that  the  electric  furnace 
will  require  only  from  one-fourth  to  one-third  of  the 
amount  necessary  for  smelting  with  fuel  furnaces. 

These  figures  are  of  importance  in  the  South  of  India, 
as  there  are  no  local  supplies  of  coke  and  where  imported 
coke  would  be  either  expensive  or  inferior  or  both  and 
where  attempts  hitherto  made  to  start  smelting  on  a  large 
scale  by  means  of  charcoal  have  failed  owing  to  the 
difficulty  or  impossibility  of  obtaining  sufficiently  large 
and  lasting  supplies  of  charcoal.  I  do  not  mean  to  say 
that  this  difficulty  was  the  only  cause  of  failure,  but  it 
made  itself  felt  at  quite  an  early  stage  and  would,  I  think, 
have  proved  insuperable  had  the  experiments  been  con- 
tinued for  any  time  on  a  large  scale. 


The  Steel  fbom  Tbial  B. 

Immediately  after  the  second  slag  had  been  poured  off 
a  dip  sample  (No.  Bs)  was  taken  from  the  bath  of  metal. 
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It  ie  on  the  analysis  of  this  sam 

calculation  as  to  the  influence  an< 

and  the  results  of  simple  smelting 

Composition  of  dip  $ampU  B,  :- 

Carbon 

Silicon 

Sulphur 

Phosphorus 

Manganese 
From  this  it  will  be  seen  that 
the  percentage  aimed  at,  dIz.,  bel 
0'3  per  cent.  In  trial  A  also  the 
correct,  viz.,  0"27  per  cent.  The 
results  aimed  at  and  those  obtain 
doubtful  as  to  how  far  these  resu 
cular  composition  of  the  charge  i 
the  operator.  I  did  not  mysel 
carbon  which  the  steel  was  to 
Majoi  Stassano's  proposal  to  proc 
0'2  to  03  per  cent  of  carbon.  T 
suggested  as  a  result  of  previo 
furnace,  and  I  very  much  doubt 
for  the  steel  to  contain  0*5  to  0'6 
a  material  would  have  been  prod 
simple  smelting.  I  doubt  if  tb 
which  is  found  in  the  steel  has  ai 
proportion  of  carbon  in  the  char 
think  that  under  the  conditio! 
furnace  some  0'2  to  03  per  cent  o 
in  the  bath  even  with  consideral 
portion  of  carbon  in  the  charge,  j 
the  iron  takes  up  about  3^  pe 
widely  varying  proportions  of  bu: 
In  the  experiments  with  the  B 
Ste  Marie  and  with  the  Keller  fu 
were  produced  containing  mostly 
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caarbon,  notwithstanding  considerable  variations  in  the 
amount  of  carbon  in  the  charge,  and  it  is  evident  that  in 
these  furnaces,  as>  in  the  blast  furnace,  the  total  carbon 
in  the  pig  is  essentially  dependent  on  the  character  of 
the  operation  modified  by  the  presence  of  various  impuri- 
ties. In  the  Stassano  furnace  the  character  of  the  opera- 
tion is  essentially  different  from  that  in  the  Heroult  or 
Keller  furnace  or  from  that  in  the  blast  furnace  and 
hence  a  very  different  result  as  regards  the  normal  car- 
bon absorption  is  not  to  be  wondered  at.  It  would  be 
interesting  to  know  how  far  the  absorption  of  carbon  in 
the  Stassano  furnace  is  capable  of  being  controlled  or 
increased  and  whether  it  would  be  possible  to  produce  in 
such  a  furnace  an  ordinary  pig  iron. 

In  this  connection  it  is  interesting  to  note  the  amounts 
of  carbon  dissolved  in  the  soft  iron  produced  in  the  five 
experiments  at  Darfo  quoted  above  in  .which  the  nature 
of  the  ore  and  proportions  of  carbon  used  differed  greatly 
from  the  corresponding  ingredients  in  Trial  B. 

In  Trial  B  the  ore  contained  about  48  per  cent  of 
metallic  iron,  the  amount  of  charcoal  used  per  ton  of 
product  was  575  Kg.  and  the  percentage  of  carbon  in 
the  product  was  0'241  per  cent. 

From  the  experiments  at  Darfo  we  get  the  following 
figures : — 


No. 

Carbon  used  per 
ton  of  product. 

Kg. 

• 

Percentage  of 
C  in  product. 

A 

•    •   • 

360 

012 

B 

•    «    • 

350 

009 

C 

•    •    ■ 

398 

0113 

D 

•    •    • 

•  .  . 

■  •  • 

E 

•    •    • 

344 

0091 

F 

•    •   • 

350 

0-09 
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These  figures  may  at  first  sight  seem  adTeiBe  to  the 
suggestion  advanced  above,  that  there  is  no  very  dose 
relation  between  the  amount  of  carbon  absorbed  and  the 
amount  of  carbon  used  per  ton  of  product,  tcfr  the  varia- 
tions are  on  the  whole  parallel.  On  the  other  hand,  they 
show,  so  far  as  they  go,  that  to  produce  a  slight  increaae 
in  the  actual  weight  of  carbon  absorbed,  a  very  large 
increase  in  the  weight  of  carbon  osed  is  necessary  and  that 
any  attempts  to  regulate  the  percentage  of  carbon  in  the 
final  product  by  altering  the  proportion  of  carbon  in  the 
charge  would  at  least  be  commerciaUy  impracticable. 

Fortunately  it  is  of  no  consequence  whether  it  is  practi- 
cable or  not,  but  what  is  of  importance  is  that  in  smelting 
with  what  is  to  all  intents  and  purposes  the  amount  of 
carbon  which  is  required  for  reduction  purposes,  the 
natural  product  seems  to  be  a  low  carbon  iron  or  steel 
and  in  this  respect  the  Stassano  furnace  appears  to  differ 
essentially  in  its  action  from  the  Heroult  and  Keller 
furnaces  which  have  been  used  for  smelting  ore.  One 
of  the  most  obvious  differences  is  that  the  Stassano  fur- 
nace is  practically  a  hearth  furnace  used  for  ore-smelting 
while  the  other  two  are  practically  shaft  furnaces  and 
probably  more  nearly  related  to  a  blast  furnace  in  regard 
to  the  distribution  of  charge  and  the  character  and 
sequence  of  reactions. 

As  remarked  above,  I  am  doubtful  whether  a  pig  iron 
could  be  produced  in  the  Stassano  furnace,  but  from  the 
mild  steel  or  iron  which  I  have  shown  to  result  from  the 
smelting  operation  there  is  no  difficulty  in  producing  a 
high  carbon  steel  as  I  shall  show  later. 

The  amount  of  silicon  present  in  the  steel  (0'024  per 

^,.,  cent)  is  low  notwithstanding  the 

Silicon.  V  /x  J.  M  j.t^     t 

high  temperature  of  the  furnace 

and  the  siliceous  character  of  the  charge.     This  result  is 

in  agreement  with  the  fact  that  a  good  deal  of  iron  and 

manganese  remained  unreduced. 

The  phosphorus  and  manganese  are  low    and   have 

already  been  referred  to  when  dealing  with  the  slag. 
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Sulphur. 


The  sulphur  is  high  (0*241  per  cent),  and  renders  iihe 

steel  quite  unfit  for  use.  It  must 
be  remembered  that  the  charge 
was  exceptionally  high  in  sulphur  (0*347  per  cent)^ 
sufficient  to  have  rendered  the  production  of  a  good  steel 
a  matter  of  great  difficulty  by  any  process. 

As  I  have  already  shown,  when  discussing  the  slag,  as 
much  as  17  per  cent  of  the  sulphur  in  the  charge  has 
got  into  the  steel  and  this  is,  I  believe,  a  much  higher 
proportion  than  usually  gets  into  pig  iron  smelted  in  a 
blast  furnace,  though  I  have  no  actual  records  dealing 
with  so  sulphurous  a  charge.  It  is  probable  that  this 
proportion  would  have  been  considerably  reduced  if  the 
slag  had  been  made  more  basic  as  might  have  been  done 
with  advantage. 

Turning  once  more  for  the  sake  of  contrast  to  the 
experiments  at  Darfo  in  which  the  ore  was  rich  and  pure 
and  the  charge  contained  but  little  sulphur,  we  get  the 
following  figures : — 


No. 

Percentage  of 

salphur  in 

charge 

Percentage  of 
sulphur  in  the 
iron  produced 

Percentage  of 

sulphur  in  charge 

retained  in  the 

iron  produced 

A     ... 

041 

•073 

77-61 

B     ... 

•041 

•062 

6371 

C     ... 

•040 

046 

43-62 

D    ... 

•041 

066 

6948 

E     ... 

•041 

•069 

6214 

Here  we  see  that  with  a  low  sulphur  charge  the  great- 
er part  of  the  sulphur  is  retained  in  the  iron,  a  result 
which  differs  from  that  of  Trial  B  and  from  the  results 
usually  obtained  in  blast  furnace  practice  and  more  in 
accordance  with  what  obtains  in  an  open-hearth  process. 
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So  far  08  the  results  obtained  at  Darfo  and  from  Tria 
B  are  a  guide,  it  woold  seem  that  when  the  ore  is  low  u 
■alphor  the  greater  portion  of  the  solphnr  passes  into  tb 
iron  or  steel,  but  the  percentage  in  the  latter  is  low 
When  the  ore  is  high  in  solphnr  a  much  smaller  propoi 
tion  of  it  passes  into  the  iron  or  steel,  bat  the  percentag 
in  the  latter  tends  to  be  high.  It  would  be  interesting  t 
know  what  occurs  between  the  limits  of  these  experi 
ments  as  most  of  the  ores  of  commerce  lie  between  tfaeni 

Fortunately  it  does  not  appear  to  be  a  difficult  matte 
to  remove  agood  deal  of  the  sulphur  which  is  reduce 
with  the  iron,  and  the  process  which  Stassano  adopts  i 
to  add  calcium  carbide  to  the  bath  of  metal  after  tb 
removal  of  the  slag.  The  reEbction  which  is  supposed  t 
take  place  is — 

CaCj+y  +  Fe-CaS+FeCg. 

There  is  no  doubt  that  the  addition  of  carbide  does  ver 
materially  reduce  the  percentage  of  sulphur  and  the  ex 
tent  of  the  reduction  appears  to  be  chiefly  a  question  c 
time. 

In  Trial  B,  5  Kg.  of  carbide  were  added  to  the  batl 
immediately  after  tapping  the  first  slag,  bat  it  is  ver; 
doubtful  if  this  served  any  useful  purpose  as  it  does  do 
appear  to  have  passed  any  of  the  sulphur  from  thi 
already  smelted  iron  into  the  second  slag,  the  percentagi 
of  sulphur  in  the  two  slags  being  about  the  same.  Afte 
the  second  slag  was  tapped,  10  Kg.  of  carbide  were  addet 
to  the  bath  and  left  to  act  for  40  minutes  before  tappini 
the  metal.  The  resnlt  is  shown  by  the  following  analysi: 
of  the  metal  tapped  : — 

Metal  tapped — Mild  Steel— Sample  Bf. 
Carbon  . . .     0232  per  cent. 

Silicon  ...     0037 

Sulphur  ...     0124      „ 

Phosphorus  ...     0015 

Manganese  ...     0'220      „ 
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The  analysis  of  sample  B3  taken  from  the  bath  before 
the  addition  of  the  carbide  showed  that  it  contained  0*241 
per  cent  of  sulphur  and  the  action  of  the  carbide  reduced 
this  to  0"124  per  cent,  a  reduction  of  nearly  50  per  cent. 

The  result  is  not  so  good  as  was  expected  and  the  steel 
Tvas  foimd  to  be  red  short.  In  Major  Stassano's  opinion 
the  metal  was  tapped  a  little  too  soon  and  that  had  it 
remained  a  little  longer  in  the  furnace,  the  sulphur  would 
haye  been  reduced  very  much  lower.  With  this  opinion, 
I  agree  for  reasons  which  I  shall  refer  to  in  connection 
with  Trial  C.  I  may  also  note  that  at  the  time  of  the 
experiment  the  amount  of  sulphur  in  the  ore  and  the  prob- 
able amount  remaining  in  the  metal  before  the  addition 
of  carbide  had  been  under-estimated.  Major  Stassano 
estimated  that  the  sulphur  in  the  bath  would  be  about 
0*12  per  cent  and  that  by  the  treatment  with  carbide  it 
would  be  reduced  to  about  0*06  per  cent,  instead  of  which 
the  amount  in  the  bath  was  0'241  per  cent  and  this  was 
reduced  to  0*124  per  cent.  Further  I  am  not  satisfied 
with  the  samples  taken  and  I  do  not  think  that  the  bath 
was  sufficiently  stirred  before  tapping  the  mild  steel  to 
render  the  metal  uniform ;  in  fact^  it  was  not  properly 
stirred  at  all,  but  only  rabbled  to  stir  up  the  carbide  slag* 
This  is  borne  out  by  the  fact  that  of  several  blacksmiths' 
tests  made  at  the  works  from  the  ingots,  etc.,  cast,  some 
were  much  less  red-short  than,  others,  and  it  is  probable 
that  the  amount  of  sulphur  present  in  the  metal  was  on 
the  average  decidedly  less  than  0124  per  cent.  This 
view  also  agrees  with  the  fact  that  an  analysis  of  one  of 
the  small  test  pieces  showed  only  0*08  per  cent  of  sulphur, 
and  with  the  fact  that  the  metal  which  remained  in  the 
bath  and  was  used  for  Trial  G  was  found  to  contain  only 
about  0*052  per  cent  of  sulphur,  after  shghtly  longer  con- 
tact with  the  carbide  slag. 

As  regards  the  carbon,  also,  sample  B7  is  probably  low, 
the  average  of  three  samples  being  C=0'301. 

The  final  result  of  the  trial  as  regards  the  production 
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of  mild  steel  is  that  the  oompositioii  aimed  at  was  satis- 
factorily obtained  except  in  regard  to  sulphur  which  was 
too  high.  Considering  the  high  percentage  of  sulphur  in 
the  charge,  this  ought  not  to  be  wondered  at.  The  pro- 
cess is,  however,  in  my  opinion,  capable  of  dealing  even 
with  such  a  sulphurous  ore  and  of  eliminating  the  salidinr 
to  the  extent  required  for  a  &8t  class  steel ;  and  I  am 
satisfied  that  this  would  have  been  actually  achieved  in 
Trial  B  if  the  metal  had  been  allowed  to  remain  a  little 
longer  in  the  furnace  in  contact  with  the  carbide  slag. 


RESULTS  OF  TRIAL  C. 

Analyses  made  from  one  of  the  large  ingots  (C4)  pro- 
duced in  this  trial  gave  the  following  results : — 

Ingot  G4.  Ingot  By. 

Bottom-outside.     Top-centre. 


Carbon 

0-706 

0-716 

0-232 

Silicon 

0-207 

0-207 

0-037 

Sulphur 

0053 

0-050 

0-124 

Phosphorus  ... 

0028 

0033 

0-015 

Manganeim  ... 

0-411 

0-390 

0-220 

Alongside,  I  have  placed  the  analysis  of  Ingot  By  as 
representing  the  bath  of  metal  from  which  C4  was  pro- 
duced by  the  addition  of  pig  iron. 

The  intention  was  to  produce  a  steel  containing  0*6 
per  cent  of  carbon,  but  as  the  loss  in  the  slag  was  greater 
than  estimated,  the  amount  of  metal  in  the  furnace  was 
actually  less  than  that  for  which  the  pig  iron  added, 
viz.,  15  Eg.,  was  calculated.  Taking  the  following  figures 
as  revised  by  the  aid  of  the  analyses  subsequently  made, 
we  find  that  the  total  output  of  metal  from  the  charge 
(allowing  for  loss  in  slag)  should  have  been  about  200  Eg. 
of  which  84  Eg.  were  tapped  as  mild  steel  leaving  116  Eg* 
in  the  furnace  containing  0*301  per  cent  of  carbon. 
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116  Kg.  of  steel  at  0*301  per  cent  C=0*349  Kg.  of  carbon 
16  Kg.  of  pig  iron  at  3*8  per  cent  C=0*67 

Total  131  Kg.  of  steel     =0*919  „ 
thus  giving  0*7  per  cent  carbon  in  the  steel,  which  agrees 
very  closely  with  the  results  of  analysis. 

It  will  be  noticed  that  the  silicon,  phosphorus  and 
manganese  have  all  been  increased  by  the  addition  of  the 
pig  iron  due  doubtless  for  the  most  part  to  impurities  in 
the  pig.  The  carburization  of  the  steel  occupied  only  a 
little  over  10  minutes  and  the  analysis  of  the  steel  pro- 
duced appears  to  indicate  a  very  satisfactory  high  grade 
material. 

The  most  noteworthy  feature  is  the  reduction  of  the 
sulphur  in  comparison  with  the  amount  present  in  the 
mild  steel,  although  it  has  nothing  to  do  with  the  method 
employed  for  carburizing  the  steel  and  must  be  considered 
to  be  due  to  the  further  action  of  the  carbide  slag  between 
the  time  of  tapping  the  mild  steel  and  tapping  the  hard 
steel,  a  matter  of  some  20  minutes.  The  result  seems  to 
show  fairly  conclusively  that  from  an  indifferent  ore  a 
very  good  grade  of  steel  can  be  produced  by  this  process 
and  that  even  if  the  sulphur  in  the  ore  is  exceptionally 
high  it  can  be  readily  reduced  to  a  fairly  harmless  amount 
in  the  steel.  Further,  it  may  be  noted  that  the  natural 
result  of  the  smelting  process  appears  to  be  a  mild  steel 
containing  not  more  than  0*3  per  cent  carbon,  and  probably 
less  with  a  richer  ore,  and  that  this  mild  steel  can  be 
readily  and  rapidly  converted  to  a  high  carbon  steel  to  the 
extent  desired. 


PHYSICAL  AND  MECHANICAL  TESTS. 

Trial  A. 

As  might  be  expected,  no  satisfactory  results  were 
obtained  from  the  scoriaceous  mass  of  metal  gathered  up 
from  the  slag  pit.     Some  of  the  more  solid  portions  were 


hammered  into  h&if-inch  rods  and  bent  over  double  when 
cold.  While  being  drawn  out,  mo6t  <rf  these  cncked  and 
fractured  and  the  bends  tore  open  more  or  less.  The 
analysis  shows  a  good  deal  cl  sulphur  and  the  masB  of 
the  metal  was  probably  considerably  oxidised. 

Tbial  B. 

The  dip  sample  B^  was,  as  might  be  expected,  brittle 

and  practically  unforgeable. 

Several  tests  were  made  from  the  ingots  of  mild  steel 
(B7)  produced  in  this  trial.  One  of  the  ingots  broke  in  two 
on  attempting  to  forge  it.  A  portion  was  sent  to  Mr. 
Harbord  for  analyHis,  and  he  observed  that  it  was  very 
red-short  and  would  not  forge.  A  portion  of  a  small 
ingot  was,  however,  forged  into  a  half-inch  bar  and  several 
pieces  of  this  were  heated  to  dull  redness  and  quenched 
in  water  and  then  bent  over  double  while  cold.  In  most 
cases  the  bends  cracked  or  tore  and  only  one  piece  bent 
clean  without  a  crack. 

As  I  have  already  pointed  out,  there  was  probably  a 
pretty  large  amount  of  sulphur  in  this  steel  and  probably 
its  composition  was  not  uniform.  At  any  rate  a  satisfac- 
tory material  had  not  been  produced.  On  the  other  hand, 
there  is  every  reason  to  believe  that  had  the  steel  been 
left  some  time  longer  in  the  furnace,  the  sulphur  would 
have  been  reduced  sufficiently  (say  to  about  0*05  to  006 
per  cent)  to  have  rendered  the  steel  a  satisfactory  one  for 
many  purposes. 

Trial  C. 

The  steel  forged  well  and  appeared  to  be  quite  sound 
and  easily  worked. 

A  piece  was  drawn  out  to  a  |-inch  hexagonal  bar  for  a 
small  hand  drill  or  gad,  sharpened  and  tempered,  and 
appeared  to  act  well. 

Another  piece  was  drawn  out  and  bent  double  at  a  dull 
red  heat  without  flaw  or  crack.     One  end  of  it  was  drawn 
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out  to  an  edge  and  quenched  outright  in  water.  It 
h&rdened  without  a  crack  and  was  not  touched  by  a  file. 

A  large  ingot  (C4)  was  sent  to  Mr.  Harbord  for  analysis 
and  examination  and  he  has  informed  me  that  it  forged 
well  and  appeared  all  right. 

A  portion  of  the  ingot  was  forged  into  a  bar  and  sent 
to  Messrs.  Kirkaldy  &  Sons,  London,  to  be  tested.  Their 
report  is  as  follows : — 

Test  No.  Q.  Q,  432. 
Description  ...  Forged  bar  C429O.     l^'diam. 

Original  diameter 

(turned)  ...  0798  inch. 

Original  area  ...  0*500  sq.  inch. 

Elastic  stress  per  sq.  inch..  51,800  lbs. =23*2   tons. 

Ultimate  stress  ...  110,000  „  =491      „ 

Ratio  of  elastic  to  ulti- 
mate stress  ...  471  per  cent. 

Yield  point  by  drop  of 

steel-yard  ...  23*7  tons  per  sq.  inch. 

Contraction  of  area  at 

fracture  ...  17 '4  per  cent. 

in  two  inches..  15  0        „ 
Extension-  in  three     „       13*3 
(in  eight     „       lO'l 
Appearance  of  fracture  ...  8  %  silky  \  92  %  granular. 

Test  No.  Q.Q.  433. 
One  half  of  the  bar  C4  290  was  subjected  to  12  blows 
from  weight  of  100  lbs,  falling  5  feet  without  breaking. 
The  bar  was  reversed  after  each  blow.     Greatest  total 
deflection — 0*24  inch. 

Another  portion  of  the  ingot — C4  was  forged  into  a  1" 
hexagonal  bar  and  sent  to  me  by  Mr.  Harbord.  As  an 
additional  test  I  asked  Mr.  Bullen,  Superintendent  of  the 
Ooregum  Gold  Mining  Company  on  the  Kolar  Gold  Field, 
to  have  the  bar  made  into  drills  and  tried  in  a  rock-drill 
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in  comtmiaon  with  the  drill  steel  being  used  in  the  nune 
which  is  oonsidered  to  be  <tf  good  quality.  Mr.  Bott^ 
kindly  arranged  to  do  this  and  the  results  are  given  below. 
The  bar  of  electric  steel  C4  was  made  into  three 
jumpers  sharpened  and  tempered.  The  hcdes  were  bored 
in  a  cross  cut  in  hard  tough  hornblende  schist.  The 
average  air  pressure  was  50  lbs. 


Electric  steel.— 1st  Trial 


No.  of 

Jumper. 

1 

2 

3 


Depth  drilled. 
2|  inches 


8 
7 


Total  17^ 


If 


Time. 

10  minutes 

5 

7 
22 


ft 


Edge  bait. 
Edge  worn. 


=  0'8  in.  per  minute. 


Electric  steel— Sind  Trial 


No.  of 

Jumper. 

1 

2 

» 


Depth  drilled. 
9  inches 

1  inch 


Time. 


Bemarks. 


Total  15  inches 


5  minutes        Edge  broken. 
3       „  Edge  worn. 

2       „  Edge  broken. 

10       ,,    =  1'5  in.  per  minute. 


Steel  used  in  mine. 


No.  of 

Jumper. 

1 

2 

3 


Depth  drilled. 

3  inches 

7       „ 
7 


Time. 


Bemarks. 
Edge  worn. 


Total  17 


>> 


tt 


11  minutes 

7 

8 
26       ,,=0'65  in.  per  minute. 


»» 


f» 


The  above  comparison  is,  I  think,  not  unfavourable  to 
the  electric  steel  especially  in  view  of  the  fact  that  there 
had  been  no  serious  intention  of  making  a  steel  specially 
suited  for  this  class  of  work  and  also  in  view  of  the  fact 
that  the  smith  who  made  the  jumpers  was  not  used  to 
this  particular  steel  and  could  probably  have  considerably 
improved  the  temper  with  further  experience. 
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SUMMAEY  OF  RESULTS. 

The  ore  used  for  the  trials  was  of  poor  quality  and 
contained  an  exceptionally  high  proportion  of  sulphur,  so 
much  so  that  the  production  of  a  first  class  steel  from  it 
by  any  process  would  be  a  matter  of  considerable  difficulty. 
The  ore  when  made  into  bricquettes  with  charcoal  and 
flux  was  smelted  without  hitch  or  difficulty  and  the  labour 
employed  was  practically  unskilled.  It  is  to  be  noted 
tbat  the  ore  trials  were  made  alternately  with  the  smelting 
of  steel  from  scrap,  the  change  from  one  to  the  other 
being  made  without  loss  of  time  and  without  any  altera- 
tion of  the  furnace  and  its  accessories,  which  speaks  well 
for  the  ease  and  simplicity  of  operation  of  the  furnace. 

In  spite  of  the  impromptu  nature  of  the  trials,  the 
steels  produced  must  be  regarded  sua  on  the  whole  satis- 
factory from  an  experimental  point  of  view.  The  mild 
steel  first  produced  agreed  very  closely  with  the  product 
which  was  intended  to  be  produced  except  in  regard  to 
sulphur,  and  I  have  shown  reason  for  believing  that  had 
the  sulphur  present  in  the  bath  not  been  underestimated 
and  had  the  steel  been  allowed  to  remain  a  little  longer 
in  the  furnace,  this  fault  would  have  been  rectified  and 
the  product  quite  satisfactory. 

Trial  C  shows  that  from  the  material  produced  by  the 
primary  smelting  operation  a  high  carbon  steel  can  be 
made  in  a  very  short  time  and  with  considerable  accuracy, 
and  the  mechanical  tests  of  this  steel  show  that  it 
possesses  very  considerable  merit. 

The  experiments  appear  to  me  to  go  a  good  way 
towards  removing  the  objections  raised  in  the  case  of  the 
Darfo  experiments,  viz.,  that  the  ore  used  was  of  excep- 
tional purity  and  that  a  steely  product  of  considerable 
purity  would  naturally  result  from  any  sort  of  smelting 
operation  and  that  the  results  formed  no  sort  of  criterion 
as  to  the  value  of  the  process  in  the  case  of  the  varied 
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and  much  less  pnre  ores  of  ocHnmeroe.  The  pfesent 
tri&ls  deal  with  an  ore  which  errs  on  the  side  of  imparity, 
although  I  could  have  wished  that  it  had  contained  more 
phosphorus.  I  have  no  doubt,  however,  that  even  a  lai^e 
percentage  of  phosphorus  would  be  readily  eliminated 
with  a  basic  slag. 

The  product  of  the  furnace — especially  in  Trial  C — is 
something  more  than  merely  a  steely  iron  and  must,  I 
think,  be  regarded  as  a  genuine  steel  of  very  fair  composi- 
tion and  character  and  suitable  for  commercial  use.  The 
composition  of  the  steel  appears  to  be  easily  under  the 
control  of  the  operator,  given  a  little  experience  with  any 
particular  grade  of  material,  and  if  an^iliing,  more  under 
control  than  is  the  product  of  the  usual  steel-smelting 
operations. 

Admitting,  then,  that  steel  of  a  desired  grade  can  be 
produced  direct  from  ore  by  this  process,  the  next  question 
for  consideration  is  the  cost  of  production.  It  is  obviously 
of  little  use  to  consider  in  detail  the  cost  of  production  at 
Turin  from  the  particular  ore  used  at  the  trials.  Wliat 
is  wanted  is  the  cost  of  production  in  Mysore  from  the 
ores  which  are  there  available,  and  this  is  a  subject  of 
extreme  difficulty  in  view  of  the  scanty  data  to  hand  and 
must  involve  many  assumptions. 

In  attempting  an  estimate,  the  following  points  have 
to  be  taken  into  account : — 

1.  Character  and  amount  of  ore  available. 

2.  The  supply  of  charcoal  and  its  cost. 

8.  The  supply  of  fluxing  material  and  its  cost. 

4.  Crushing  and  magnetic  concentration  of  the  ore 

and  manufacture  of  bricquettes. 

5.  The  supply  of  electric  energ>*  and  its  cost. 

6.  The  costs  of  smelting. 

7.  The  character  and  sale  of  products. 
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PART  II. 
MATERIALS  AND  COSTS  IN  MYSORE. 


I.   CHARACTER  AND  AMOUNT  OF  ORE  AVAILABLE. 

The  Mysore  State  has  long  had  a  reputation  for 
possessing  unlimited  supplies  of  very  high  grade  iron  ore, 
a  reputation  based  partly  on  the  evidence  of  a  once  wide- 
ly spread  native  iron-smelting  industry  and  partly  on  the 
reports  of  observers  who  have  met  with  numerous  large 
outcrops  of  highly  ferruginous-looking  material.  De- 
tailed evidence  as  to  the  extent  and  value  of  the  ore 
bodies  from  a  commercial  point  of  view  is  still  in  a  very 
preliminary  stage  and  is  somewhat  conflicting.  I  will 
confine  the  present  remarks  to  two  areas  which  have 
been  examined  somewhat  more  carefully  during  the  past 
two  years  by  some  of  the  oflicers  of  the  Geological 
Survey,  one  of  which  is  in  the  neighbourhood  of  Malvalli 
in  the  Mysore  District  and  the  other  embraces  the 
Bababudan  Hills  in  the  Kadur  District. 

The  Malvalli  area. 

This  is  in  close  proximity  to  the  Cauvery  Falls 
where  the  present  Electric  Power  Station  is  located  and 
which,  on  account  of  the  supposed  large  supply  of  water 
power,  has  naturally  attracted  the  attention  of  speculators 
and  others.  The  question  of  the  water  power  available 
is  discussed  in  another  section. 

As  regards  the  iron  ores,  it  has  from  time  to  time 
been  stated  that  they  are.  of  very  high  grade  and  exist  in 
large,  if  not  unlimited,  quantity.  An  examination  of  the 
area  by  Mr.  Jayaram,  Assistant  Geologist  (^),  failed  to 
reveal  the  existence  of  any  considerable  body  of  high 
grade  ore,  and  this  has  been  confirmed  subsequently  by 
Mr.  H.  K.  Slater,  Assistant  Geologist.  0 

(1)  Records  of  the  Mysore  Geological  Departmeut,  Vol.  VI,  Part  II. 

(2)  „  „  ,.  „  „     VIII,  pp.  16  and  61. 
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One  vein  of  rich  magnetite-hflBmatite  ore  was  locat- 
ed about  three-fourths  of  a  mile  west  of  the  Bluff  at 
Sivasamudram  and  runs  northward  for  about  half  a  mile. 
The  maximum  width  of  the  vein  is  three  feet  and  the 
average  width  about  one  foot.  At  a  few  feet  below  the 
surface  it  becomes  mixed  with  quartz,  so  that  the  quantity 
of  rich  ore  available  is  insignificant—  probably  not  more 
than  1,000  tons  or  so.  One  sample  of  the  ore  (Hg/521) 
gave  56*48  per  cent  of  iron  and  another  59'91  per  cent. 
There  are  several  other  small  veins  of  less  importance  a 
few  miles  to  the  east  of  this  and  to  the  south  of  the 
village  of  Halagur. 

Mr.  Slater  also  observed  several  runs  of  quartzose  rocks 
containing  magnetite  on  which  there  were  some  shallow 
old  workings  presumably  made  by  the  native  smelters  in 
former  times.  After  a  brief  inspection  of  some  of  these  I 
decided  that  it  would  be  worth  while  to  obtain  some  fairly 
large  samples  and  test  them.  A  number  of  samples  were 
crushed  by  Mr.  Slater  and  the  magnetic  portion  extracted 
with  a  horse  shoe  magnet  with  the  following  results : — 

Sample.  Magnetic  material. 

H9/()33  ...  ...     3768  per  cent. 

H9/634  ...  ...  72-49  „ 

H9/I88  ...  ...  6612  „ 

Hg/25l  ...  ...  60-92  „ 

O/260  ...  ...  44-32  „ 

These  tests  are  not  very  satisfactory  and  can  be  re- 
garded only  as  a  very  rough  guide.  A  certain  amount  of 
the  hypersthene  present  comes  up  with  the  magnet  and 
also  some  quai*tz  containing  specks  of  iron  ore.  In  some 
cases  the  tailings  carry  a  good  deal  of  iron  probably  in 
the  form  of  haematite.  The  samples  were  crushed  and 
concentrated  dry. 

A  somewhat  more  careful  test  was  made  with  a  large 
sample  No.  0/261  obtained  by  deepening  a  number  of 
old  workings  on  two  runs  of  ore  extending  for  a  couple 
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of  miles  south  of  Byadarhalli.     In  this  case  the  sepam- 
tion  was  done  under  water. 

100  gms.  of  ore,  which  had  heen  passed  through  a  30- 
mesh  screen,  were  taken  and  sieved  through  a  60-me8h 
screen. 

From  the  material  remaining  on  the  60-mesh  screen 
2702  gms.  of  magnetic  concentrate  (A)  were  obtained. 

From  the  balance  which  passed  through  the  60-mesh 
30'2  gms.  of  magnetic  concentrate  (B)  were  obtained. 

Total  57*22  gms.  magnetic  concentrate. 

The  concentrate  (A)  was  then  crushed  and  passed 
through  60-mesh  and  again  treated  with  the  magnet 
yielding  23*37  gms.  magnetic  concentrate. 

The  non-magnetic  material  from  which  (A)  was 
separated  was  likewise  passed  through  a  60-mesh  and 
yielded  1*38  gms.  magnetic  concentrate. 

The  total  yield  after  passing  a  60-me8h  screen  was 
therefore  54*95  gms.  (23*37  +  1*38  +  30*2) 

This  54*95  per  cent  of  the  ore  was  found  to  contain 
66*37  per  cent  of  iron. 

It  would  probably  not  pay  to  crush  the  whole  of  the 
ore  to  60-mesh ;  and  if  it  were  crushed  through  30-mesh, 
it  would  give  about  57  per  cent  of  concentrate  containing 
about  62  per  cent  of  iron. 

If,  in  addition,  the  coarser  concentrate  only  were  re- 
crushed,  we  should  get  a  total  of  about  53  per  cent  of 
concentrate  containing  about  66  per  cent  of  iron. 

It  is  difficult  from  such  a  cursory  examination  to  say 
how  far  these  figures  represent  results  which  could  be 
obtained  on  a  large  scale,  but  I  am  inclined  to  think 
that  large  quantities  of  ore  could  be  obtained  yielding 
one  ton  of  concentrates,  containing  65  per  cent  of  iron, 
for  each  two  tons  of  ore. 

Cost. — The  two  beds  of  ore  from  which  sample  0/261 
was  taken  are  each  about  10  to  15  feet  thick  and  are 
steeply  inclined. 

At  works  in  the  immediate  vicinity  the  ore  ought  not 
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to  cost  more  than  f n^m  3  to  3. 6  per  ton  or  6  to  7&.  per 
ton  of  conceDtraief^.  If  to  this  we  add  the  cost  of  crush- 
ing and  concentrating  as  given  by  the  Grondal  KjeUin 
Co.  for  a  50  per  cent  ore  in  Sweden,  riz.,  3..  8,  we  obtain 
a  cost  of  about  10s.  per  ton  of  concentrates. 

It  is  obrions  that  the  ore  is  neither  very  rich  nor  parti- 
cularly inexpensive,  and  as  to  the  quantity  available  no 
sf>rt  of  estimate  could  be  given  without  extensive  pros- 
pecting work.  I  should  estimate  that  there  would  be 
no  difficulty  in  getting,  say,  a  miUion  tons  and  probably 
several  times  this  amount. 

Various  other  ore  bodies,  also  of  low  grade,  occur  in 
the  Malvalli  area,  but  the  available  information  about 
them  is  too  indefinite  to  permit  even  of  rough  estimates 
as  to  their  quantity  and  value.  I  am  rather  of  opinion 
that  the  estimate  which  I  have  given  above  should  be 
regarded  as  a  minimum,  and  that  should  it  be  necessary 
for  the  purpose  of  extensive  operations  to  obtain  larger 
HupplicH  of  ore,  these  would  have  to  be  brought  from 
varying  diHtancos  thereby  considerably  enhancing  the  cost 
of  the  concentrates  which  might  easily  rise  to  12  or  15s. 
per  ton  even  with  a  well-equipped  system  of  transport. 

The  Bababudan  area. 

The  Bababudan  Hills  have  likewise  been  remarked 
upon  from  time  to  time  for  their  richness  in  iron  ore, 
but  until  last  year  no  attempt  had  been  made  to  investi- 
gate the  extent  or  value  of  the  ore. 

The  hills  form  a  chain  somewhat  in  the  shape  of  a 
nearly  closed  horse-shoe  with  the  toe  to  the  east  and 
the  gap  in  the  heel  to  the  west.  The  Somavahini  Biver 
flows  out  through  the  gap  after  draining  the  Jagar  valley, 
which  lies  within  the  horse-shoe.  From  east  to  west 
the  horse-shoe  has  a  diameter  of  about  14  miles  and  from 
north  to  south  of  about  12  miles,  the  distance  round  the 
main  chain  of  hills  being  about  40  miles. 

During  tbe  earlier  part  of  1908,  Mr.  Slater  surveyed 
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the  northern  limb  of  the  horse-shoe  and  Mr.  Sampat 
Iyengar  the  southern  limb,  and  a  considerable  amount 
of  information  was  obtained  as  to  the  distribution  of  the 
iron  ores,  of  which  reports  will  be  found  in  Becords  Vol. 
VIII. 

The  work  done  shows  that  the  whole  of  the  upper 
portion  of  the  chain  of  hills  is  formed  of  a  series  of 
iron  ores,  of  which  there  are  many  beds  with  inter- 
vening beds  of  ferruginous  material  which  are  stated 
to  be  of  a  clayey  nature.  The  series  of  iron  ores  appear 
to  be  several  hundred  feet  in  thickness,  of  which  a  consi- 
derable proportion  is  occupied  by  the  more  compact  beds 
of  ore  which  outcrop  in  parallel  lines  running  round  the 
steep  outer  escarpments  of  the  chain.  The  beds  dip 
inwards  towards  the  Jagar  valley  at  angles  of  from  30^  to 
50°,  but  on  the  wide  toe  of  the  horse-shoe  formed  by  the 
eastern  portion  of  the  chain  the  dips  are  much  more 
gentle,  usually  not  exceeding  20°.  The  ores  are  very 
varied  in  character ;  the  beds  in  the  lower  portion  of  the 
series  appear  to  be  largely  composed  of  magnetite  and 
quartz  with  some  haematite ;  in  the  intermediate  por- 
tion, of  haematite  and  quartz  with  some  magnetite,  while 
in  the  upper  portions  there  is  comparatively  little  quartz 
and  the  ore  is  largely  haematite  with  some  limonite 
and  with  laterite  modifications. 

From  a  number  of  samples  collected  from  the  north 
and  south  limbs  of  the  horse-shoe,  both  of  the  Assistant 
Geologists  mentioned  above  draw  the  conclusion  that 
there  is  no  very  great  quantity  of  rich  ore  available  or  of 
ore  which  it  would  pay  to  extract  for  smelting  purposes. 
This  conclusion  is,  I  think,  somewhat  premature  and  is 
drawn  merely  from  the  assays  of  average  samples  taken 
from  the  escarpment  outcrops. 

A  large  number  of  such  samples  taken  by  Mr.  Slater 
from  the  northern  escarpment  gave  an  average  of  38 
per  cent  of  iron,  and  samples  taken  by  Mr.  Sampat 
Iyengar  from  the  southern  and  eastern  escarpments  gave 
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an  average  of  42  per  cent  iron.  These  ores  are  therefore 
not  rich  and  their  possible  utility  depends  on  their  capa- 
bility of  being  cheaply  concentrated.  A  good  deal  de- 
pends on  the  relative  proportions  of  magnetite  and 
haematite,  and  this  point  has  not  been  determined,  and 
there  is  little  to  be  gained  by  discussing  the  matter  with 
the  information  at  present  available. 

On  the  other  hand,  some  outcrops  were  found  which 
gave  results  high  in  iron.  One  of  these  from  Virupakshi- 
kan  Peak  (A 4099)  gave  on  analysis  68' 12  per  cent  of 
iron.  This  is  from  a  surface  layer  10  to  15  feet  thick, 
but  apparently  of  no  great  lateral  extent.  In  another 
case  two  beds,  a  little  to  the  east  of  Attigundi  Travellers' 
Bungalow,  which  outcrop  for  a  mile  and  a  half  with  an 
average  thickness  of  6  yards,  gave  on  analysis  65*54  per 
cent  of  iron  with  10*55  per  cent  of  insoluble  residue. 

Another  bed,  one  mile  south  of  A 6052,  was  traced 
for  about  a  mile  with  a  thickness  of  4  to  5  feet  and  the 
sample  yielded  69*23  per  cent  of  iron. 

It  is  obvious,  therefore,  that  there  are  some  considerable 
items  of  rich  ore  to  be  taken  into  account,  though  it  is 
necessary  to  guard  against  the  inference  that  the  beds 
are  uniformly  of  such  high  grade  throughout  for  reasons 
to  which  I  shall  refer  presently. 

In  addition  to  the  foregoing  observations  I  myself 
paid  a  short  visit  to  the  Bababudans  in  May  1908  and 
examined  some  of  the  ores  in  the  neighbourhood  of 
Ealhattigiri  on  the  eastern  end  of  the  chain  of  hills. 
The  ore  series  is  here  from  2  to  3  miles  in  width  from 
east  to  west  and  the  area  examined  was  some  9  or  10 
square  miles  over  the  whole  of  which  iron  ore  exists, 
practically  at  surface,  with  a  thin  covering  of  soil  and 
grass  over  the  greater  portion.  A  good  deal  of  the  ore 
exposed  appeared  to  be  of  fairly  high  grade  and  composed 
chiefly  of  hsBmatite  with  some  limonite.  In  a  few  places 
the  ore  was  banded  with  quartz  and  contained  a  good 
deal  of  magnetite. 
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Examination  of  some  road  cnttings  and  some  trial 
pits  which  I  had  sunk  showed  that  the  better-looking  ores 
formed  a  surface  crust  usually  some  3  to  4  feet  in  thick- 
ness and  that  underneath  this  crust  the  ores  were  softer 
and  stained  or  banded  with  ochre.  This  harder  crust  is 
not  a  separate  bed,  but  forms  on  the  outcropping  sur- 
faces and  edges  of  the  beds  (which  are  lying  fairly  flat) 
and  on  the  vertical  faces  of  scarps. 

Analysis  shows  that  the  crust  contains  more  iron  and 
less  water  and  alumina  than  the  material  immediately 
below,  and  it  would  seem  that  whatever  the  previous 
history  of  the  formation  of  the  hsematite  ores  may  have 
been,  the  more  recent  effects  of  surface  weathering  had 
caused  a  slight  concentration  of  iron  and  diminution  of 
alumina  in  the  surface  layer.  As  regards  the  combined 
water,  this  is  no  doubt  due  to  sub-surface  soakage  causing 
hydration  and  as  the  surface  gets  denuded,  re-crystalliza- 
tion takes  place  in  the  surfsbce  crust  with  loss  of  some  of 
the  water  already  present. 

The  following  table  shows  the  analyses  of  some  of  the 
samples  collected : — 
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Notes. 

No.  S2/477.  This  is  a  surface  sample  from  the  top  of 
a  small  hill  (A 5610)  1^  miles  north-west  of  Kalhattigiri 
(A6155).  The  southern  scarp  of  the  hill — about  50  feet 
in  height — appears  to  be  all  of  similar  stuff,  and  it  looks 
as  though  the  whole  hill  was  solid  ore  of  this  character; 
but  as  I  have  pointed  out,  the  material  in  the  interior 
would  probably  be  found  to  be  softer  and  somewhat  less 
rich.  Bather  similar-looking  material  extends  from  this 
point  along  the  scarp  running  W.  N.  W.  for  IJ  miles, 
the  scarp — which  is  at  right  angles  to  the  bed  of  ore — 
being  in  places  30  feet  high.  A  road  cuts  through  this 
about  three-quarters  of  a  mile  W.  N.  W.  of  A  5610  and 
shows  that  the  more  solid  crust  is  there  only  about  3  feet 
thick,  below  which  a  face  of  10  feet  of  softer  banded  ore 
is  exposed. 

No.  S2/479  is  a  sample  taken  vertically  down  this  10 
feet  of  softer  ore,  and  the  analysis  shows  a  diminution  in 
the  iron  with  increase  of  water,  alumina  and  silica.  This 
is  the  least  favourable  sample  of  those  which  have  been 
analysed  and  it  contains  55  per  cent  of  iron. 

No.  Sa/493a.  This  is  from  a  trial  pit  J  of  a  mile  north- 
west of  the  bungalow  on  hill  A  5590.  The  pit  was  9  feet 
deep  and  the  sample  was  taken  vertically  down  the  pit 
from  top  to  bottom. 

No.  S2/4936.  A  sample  from  the  outcrops  round  about 
the  above  pit.  It  is  slightly  better  than  the  foregoing, 
but  the  difference  between  the  surface  crust  and  the 
average  for  a  depth  of  9  feet  is  not  very  marked.  There 
is  a  large  spread  of  this  ore  to  the  north  of  the  pit. 

No.  82/493C.  From  a  pit  3  furlongs  north-east  of 
A6155 — 8  feet  deep.     Sample  from  top  to  bottom  of  pit. 

No.  S2/495.  From  a  pit  3  furlongs  N.  N.  E.  of  above — 
sample  taken  from  top  to  bottom  of  pit  for  a  depth  of  7 
feet.  The  result  is  remarkably  high  grade  and  shows 
that  in  places  the  surface  enrichment  may  extend  to  a 
considerable  depth. 
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Quantity  op  orb. 

In  none  of  the  pits  was  any  marked  change  noticeable 
towards  the  bottom  and  this,  taken  in  conjunction  with 
the  appearance  of  some  of  the  scarps  which  show  ore 
faces  up  to  30  feet  in  thickness  transversely  to  the  bed- 
ding, justifies  the  inference  that  good  ore  is  obtainable  in 

many  places  for  a  greater  depth  than  that  reached  by  the 
pits. 

Judging  from  a  large  number  of  outcrops,  I  should  say 
ttiat  good  ores,  comparable  to  those  of  which  the  analyses 
are  quoted  above,  would  be  found  over  the  greater  portion 
of  the  area  examined,  which  was  some  9  or  10  square 
miles,  and  from  those  outcrops  which  are  more  clearly 
exposed  I  should  regard  3  square  miles  of  good  ore  as  a 
conservative  estimate.  On  this  basis,  and  without  any 
pretence  to  final  accuracy,  it  may  be  convenient  to  state 
the  nature  of  the  quantity  of  ore  which  may  be  expected 
to  be  available. 

A  square  mile  is  27,878,400  square  feet  and  a  layer  1 
foot  in  thickness  gives  a  similar  number  of  cubic  feet. 
Allowing  10  cubic  feet  of  ore  to  the  ton — a  sufficiently 
liberal  estimate — we  get  2,787,840  tons  per  square  mile 
for  a  depth  of  1  foot  or  8,363,520  tons  for  the  estimated 
3  square  miles  of  area. 

If,  as  I  have  shown  reason  to  believe,  the  surface  ore 
extends  to  a  depth  of  at  least  10  feet,  we  obtain  within 
this  depth  about  83,000,000  tons. 

The  outer  crust,  some  3  or  4  feet  thick  on  the  average, 
consists  of  richer  ores  well  above  the  average  and  this 
alone  would  yield  some  25,000,000  tons. 

To  obtain  an  estimate  of  much  greater  accuracy  and 
value  it  would  be  necessary  to  sink  a  great  many  pits  to 
a  considerable  depth  and  this  is,  I  think,  unnecessary  at 
present.  It  is  unfortunately  not  possible  to  estimate 
the  quantities  available  from  sampling  the  outcrops  of 
the  beds  and  taking  their  geological  configuration  into 
account,   for,   as   I   have  shown  reason  to  believe,  th^ 
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outcrops  are  on  the  whole  richer  than  the  material  which 
lies  deeper,  and  this,  I  think,  would  be  true  not  only  when 
passing  downwards  through  successive  layers  or  beds, 
but  also  when  passing  inwards  from  the  outcrop  along 
the  same  bed. 

For  instance,  Sample  No.  Sj493a  is  taken  from  sur- 
face downwards  for  a  depth  of  9  feet  in  a  bed  which  is 
very  much  thicker.  The  bed  is  slightly  inclined  to  the 
horizontal  and  similar  results  might  be  expected  in  pits 
taken  over  the  greater  portion  of  the  outcropping  edges, 
which  are  fairly  well  exposed  for  over  half  a  mile  along 
the  strike  and  for  over  half  a  mile  at  right  angles  to  the 
strike,  and  the  beds  continue  for  at  least  another  half 
mile  in  the  same  direction  just  below  the  surface  soil  and 
grass.  Taking  the  dip  into  account,  I  estimate  that  this 
bed  or  series  of  layers  has  a  thickness  which  is  in  the 
neighbourhood  of  400  feet,  and  within  the  area  I  have 
mentioned,  viz.,  half  a  mile  along  the  strike  and  1  mile 
at  right  angles  to  the  strike,  the  volume  of  the  bed  would 
be  about  3,000,000,000  cubic  feet  or  say  300,000,000 
tons.  If  all  this  material  was  of  similar  grade  to  the 
obliquely  exposed  edges  of  the  bed  or,  in  other  words,  if  the 
grade  continued  uniform  along  the  dip  from  the  exposed 
edges  inwards,  then  we  could  reckon  on  this  quantity  of 
good  ore  from  the  small  area  of  half  a  square  mile.  I 
have  not,  however,  reckoned  in  this  way,  and  although  I 
cannot  say  that  a  great  deal  of  the  bed  would  not  prove 
to  be  good  and  usable  ore,  I  have  confined  my  previous 
estimates  to  a  crust  comprising  the  outer  10  feet  of  the 
bed  whether  this  crust  happens  to  be  parallel  or  oblique 
to  the  bed  itself. 

In  the  face  of  these  figures  and  considering  the  com- 
paratively limited  demand  which  can  be  expected,  it 
seems  unnecessary  to  speculate  on  how  much  ore  is 
obtainable  below  a  depth  of  10  feet  or  how  much  could 
be  obtained  from  other  parts  of  the  chain  of  hills  which 
is  40  miles  in  length. 
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QUAIiITT  OF  ORE. 

This  is  undoubtedly  ven'  good,  the  only  objectionable 
feature  being  the  somewhat  high  percentage  of  phos- 
phorus, which  varies  from  0*041  per  cent  to  0'105  per  cent 
and  is  rather  more  on  the  average  than  would  be  suitable 
for  first  class  Bessemer  ore.  This  slight  excess  of  phos- 
phorus would  create  no  difficulty  in  an  electric  smelting 
process  such  as  that  now  under  consideration. 

The  sulphur  is  low  and  quite  comparable  to  that  in 
first  class  ores  especially  when  the  high  content  of  iron 
is  taken  into  account. 

Of  the  slag-forming  materials,  the  alumina  is  compara- 
tively high  while  the  silica,  lime  and  magnesia  are  re- 
markably low  on  the  average,  and  the  amount  of  lime 
required  for  fluxing  will  apparently  be  small  even  allow- 
ing for  the  formation  of  a  comparatively  basic  slag  for 
the  elimination  of  the  phosphorus. 

With  regard  to  the  percentage  of  iron,  the  ores  form- 
ing the  upper  crust — which  I  have  roughly  estimated  at 
25,000,000  tons — would  appear  to  contain  between  60 
and  65  per  cent  of  iron  and  by  calcination  this  might  be 
raised  to  an  average  of  65  per  cent  with  possibly  a  de- 
crease in  the  sulphur  present.  It  is  rather  questionable, 
however,  whether  calcination  would  pay  with  so  good  an 
ore  unless  it  was  decided  to  crush  the  ore  by  a  dry 
process. 

With  regard  to  the  ores  immediately  beneath  the  crust 
which  run  from  55  per  cent  to  58  per  cent  of  iron  and 
which  contain  about  8  per  cent  of  combined  water,  it 
might  pay  to  calcine  them  if  the  necessary  fuel  is  suffi- 
ciently cheap,  and  for  such  a  purpose  the  waste  gases  from 
the  furnaces  would  be  available.  It  is  obvious  that  calci- 
nation must  be  effected  either  within  the  electric  furnace 
or  before  the  ore  is  introduced,  and  it  is  quite  possible  that 
the  latter  would  be  the  more  advantageous  scheme.  In 
this  case  the  percentage  of  iron  in  the  calcined  ore  would 
be  raised  to  60  per  cent  or  possibly  a  little  more  on  the 
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average  and  of  such  ore  I  have  shown  reason  for  believing 
that  at  least  an  additional  60,000,000  tons  are  quite  handy. 


Cost  op  Obe. 

The  cost  of  winning  the  ore  will  obviously  be  very 
small,  probably  not  exceeding  1  shilling  to  1/4  per  ton  for 
a  modest  output  and  less  for  a  large  output.  The  smelt- 
ing works  might  be  situated  at  the  mines  or  at  the  foot 
of  the  hills,  some  3,000  feet  below,  the  latter  alternative 
being  perhaps  more  desirable ;  and  in  either  case  the  cost 
of  ore  at  the  works  ought  not,  I  think,  to  be  more  than 
about  1/6  to  2  shillings  per  ton  with  proper  arrangements 
for  handling.  For  a  small  output  I  would  adopt  the 
latter  figure. 

In  view  of  the  larger  quantities  of  ore  available  in  the 
Bababudans,  as  well  as  its  cheapness  compared  with  the 
ores  in  the  neighbourhood  of  Malvalli  and  Halagur,  I 
shall  confine  the  following  discussion  of  the  supgly  of 
power  and  materials  to  the  former  locality. 
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II.  THE  SUPPLY  OP  CHARCOAL  AND  ITS  COST. 

The  qaestion  of  the  supply  of  charcoal  available  and 
its  cost  presents  many  difficulties  in  attempting  to  arrive 
at  reliable  data. 

The  following  figures  quoted  in  Percy's  Metallurgy 
(Fuel)  give  the  results  obtained  in  a  number  of  European 
forests.  In  most  cases  the  figures  given  are  in  cubic 
feet  of  dry  wood ;  and  from  the  first  case  quoted,  in  which 
the  weight  is  also  stated,  it  is  found  that  about  90  cubic 
feet  of  dry  wocxl  go  to  the  ton,  from  which  I  judge  that 
the  figures  represent  cubic  feet  of  stacked  wood.  On 
this  assumption  the  following  weights  are  obtained : — 


Amount  of  vood  pro- 

dnoed  annnally  from 

one  acre 


Volume 

when 

stacked 


I 


Weight 
when  dry 


On  the  slopes   of   the  Vosges  Mountains 
from  forests  of  beech  trees 

a  ft. 
128 

Tons. 
14 

In  the  Pyrenees — 

A  thick  wood  of  beech — 20  to  50  years 

OiU                       «••                             •••                             ■•• 

2.930 

32'5 

Wood  of  beech,  alder  and   nut  —  19 
years  old    ... 

1,149 

127 

Wood  of  beech — 12  years  old 

368 

;        41 

Do            15  to  17  years  old   ... 

907 

'      101 

Do             12  years  old 

855 

95 

In  the  Black  Forest,  Duchy  of  Baden — 

Wood  of  hornbeam 

•  •  • 

10 

Wood  of  silver  fir 

... 

15 

In  Sweden  and  Norway — 

Forests  chiefly  Scotch  fir 

86 

096 
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In  Sweden,  where  the  forests  are  used  largely  for  the 
manufacture  of  charcoal,  the  annual  growth  is  stated  to 
average  about  25,000  cubic  feet  per  square  mile ; 

12,500  cubic  feet  per  square  mile  is  considered  low ; 

75,000  cubic  feet  per  square  mile  is  the  maximum. 
Taking  1*  cubic  foot  of  dry  wood  (solid)  at  35  lbs.,  these 
figures  come  respectively  to — 

0*62  tons  per  acre ; 

0-31 

1-86 

According   to  another   authority  the  yield  of  natural 
forests  in  Germany  is  stated  to  be : — 

Oak — ^high  forest,  under  a  rotation  of  90  to  120 
years,  80  cubic  feet  per  acre=l'25  tons. 

Oak — coppice,  rotation  of    15  to  25  years,  57 
cubic  feet  per  acre=0'9  tons. 

Silver  fir — high  forest,    rotation  of  80  to  110 
years,  148  cubic  feet  per  acre=2'3  tons. 

I  have  inserted  the  weights  for  the  purpose  of  com- 
parison assuming  that  the  volumes  given  represent  solid 
wood  at  35  lbs  per  cubic  foot. 

The  figures  quoted  above  for  the  Pyrenees  are  remark- 
ably high,  and  I  do  not  quite  understand  them :  possibly 
they  represent  total  produce  and  not  annual  produce.  If 
they  are  omitted,  the  remaining  figures  tend  to  show  that 
in  Europe  from  well-managed  thick  forests  of  considerable 
age  not  more  than  1  ton  per  acre  of  dry  wood  can  be 
collected  annually.  The  information  is,  however,  very 
lacking  in  precision. 

As  to  conditions  in  India,  a  good  deal  of  information 
is  obtainable  from  a  report  published  in  1883  on  the 
Forest  Administration  of  the  Madras  Presidency  by  D. 
Brandis,  P.R.8.,  c.i.b.,  Director-General  of  Forests  to  the 
Government  of  India. 

In  this  report  the  question  of  the  supply  of  wood  fuel 
for  Madras  Bailway  is  very  fully  discussed. 

P2 
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During  the  five  years  ending  December  1877  the  mean 
annual  consumption  of  firewood  amounted  to  71|(K)0 
tons  at  an  average  cost  of  Bs.  4-14-3  per  ton. 

Of  68,420  tons  used  in  1881  less  than  one-fifth  came 
from  Government  forests,  the  remainder  being  supplied 
by  private  owners,  and  the  report  suggests  that  the 
private  forests  had  been  completely  depleted  and  would 
be  unable  to  continue  to  furnish  such  a  supply. 

In  discussing  the  probability  of  the  Government  for- 
ests being  able  to  furnish  sufficient  fuel  under  proper 
reservation  and  conservancy,  Mr.  Brandis  quotes  the  fol- 
lowing figures  as  to  weight  of  firewood  obtainable  per  acre. 

The  Madras  Board  of  Bevenue  in  1875  stated  that 
fellings  in  the  Salem  District  had  given  12  tons  per  acre 
and  that  reproduction  would  replace  this  wood  in  12  to 
15  years.  They  estimated,  therefore,  an  annual  yield  of 
1  ton  per  acre  from  forest  reserves  and  the  cost  of 
producing  1  ton  of  fuel  at  12  annas  5  pies. 

Subsequent  reports  gave  the  outturn  at  4  J  tons  per 
acre,  which  in  a  12-year  rotation  would  give  an  annual 
yield  of  J  ton  per  acre. 

In  North  Arcot,  Mr.  Sheffield,  Deputy  Conservator  of 
Forests,  cut  1  acre  of  forest,  which  had  been  reserved 
for  10  years  after  having  been  cleared,  and  obtained  8 
tons  of  engine  fuel  and  3  tons  of  small  wood.  He  esti- 
mated that  with  a  15-year  rotation  the  annual  yield 
would  be  1  ton  per  acre.  This  plot  of  forest  is  stated 
to  have  been  a  very  good  one. 

In  a  larger  example  Mr.  Sheffield  reported  on  the  cut- 
ting of  1,777  acres  in  the  Mamandur  Beserve  in  which 
the  stock  was  estimated  as  equivalent  to  1,500  acres  fully 
stocked.  The  reserve  had  been  cut  over  in  1869-70, 
was  placed  under  protection  in  1871  and  the  cutting 
reported  on  took  place  in  1880  to  1882.  Seeding  trees 
and  all  saplings  under  4  inches  diameter  were  left  and 
it  was  estimated  that  only  half  the  growing  stock  had 
been  removed. 
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The  total  amount  of  wood  obtained  by  the  cutting  was 
4,952  tons,  from  which  the  conclusion  is  drawn  that  a 
growth  of  10  years  would  justify  cutting  at  the  rate  of 
2'8  tons  per  acre  or  0'33  tons  per  acre  per  annum  in 
forest  fully  stocked. 

Mr.  Brandis  finally  comes  to  the  conclusion  that  the 
annual  yield  of  forest  reserves  will  be  between  J  and  J 
ton  per  acre  according  to  class,  the  lower  yields  being 
obtained  in  dry  districts  and  the  higher  in  those  with 
moist  climate.  This  estimate,  it  should  be  noted,  is  not 
intended  to  express  the  total  annual  yield  in  wood,  but 
only  that  portion  suitable  for  railway  fuel,  and  excludes 
the  more  valuable  timbers  and  the  small  wood  from 
loppings.  It  is  also  noted  that  the  forests  are  very 
unevenly  stocked  and  contain  many  blank  spaces. 

Plantations, — These  have  been  found  to  give  a  much 
higher  yield  than  natural  forests. 

Gasuarina  plantations  near  the  coast  of  Madras  from 
5  to  15  years  old  are  stated  to  yield  from  2  to  6  tons 
per  acre. 

Colonel  Beddone  states  that,  after  making  due  allow- 
ances for  floods  and  bad  seasons,  the  average  annual 
yield  for  casuarina  in  North  Arcot  (inland)  is  2'85  tons 
per  acre. 

Fellings  in  the  Benganur  Plantation  in  the  Eolar  Dis- 
trict of  Mysore  are  stated  to  indicate  an  annual  yield  of 
3"36  tons  per  acre. 

Mr.  Brandis  considers  that  the  average  yield  might 
safely  be  estimated  at  2  tons  per  acre. 

On  the  Nilgiris,  at  elevations  of  from  6,000  to  8,000  feet, 
with  good  rainfall,  the  Australian  Blue  Gum  (Eucalyptus) 
is  found  to  thrive  remarkably  well.  Trial  cuttings  and 
estimates  show  that  with  fully  stocked  plantations  up  to 
19  years  old  the  annual  production  of  timber  per  acre 
amounts  to  from  11  to  13  tons  and  Mr.  Brandis  thinks 
that  the  most  successful  portions,  worked  as  coppice  10 
years  old,  might  have  an  annual  yield  of  12  tons  per 
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acre.  On  the  average  he  considers  that  6  tons  per  acre 
might  reasonably  be  expected  in  suitable  localities. 

It  is  obvious  that  as  regards  quantity  the  productive- 
ness of  a  suitable  area  can  be  largely  increased  by  means 
of  plantations,  but  on  the  other  hand  the  wood  from 
plantations  costs  considerably  more  than  that  from  re- 
serves of  natural  forest.  No  very  accurate  figures  are 
available  on  this  point,  but  estimates  made  by  the 
Madras  Board  of  Kevenue  are  quoted  by  Mr.  Brandis  to 
the  effect  that  wood  from  natural  forests  costs  a  little  over 
one  shilling  per  ton  to  produce,  and  from  plantations  it 
may  be  from  three  to  five  times  this  amount.  The  com- 
parative costs  must,  however,  depend  on  the  rates  of  seign- 
iorage charged,  on  whether  the  plantations  are  worked 
by  Government  or  by  a  company  for  its  own  use  and  on 
the  relative  proximity  of  natural  forests  and  plantations 
to  the  smelting  works. 

Taken  as  a  whole,  the  foregoing  figures  tend  to  show 
that  in  well-managed  forests  in  Europe  the  weight  of 
wood  annually  available  is  in  the  neighbourhood  of  1  ton 
per  acre — say  600  tons  per  square  mile — while  in  the  Mad- 
ras Presidency  the  annual  outturn  of  wood  suitable  for 
fuel  varies  from  i  to  ^  ton  per  acre. 

Prospects  of  Fuel  Supply  in  Mysore. — On  this  important 
question  I  have  consulted  Mr.  Muttannah,  Conservator  of 
Forests  with  the  Government  of  Mysore,  but  unfortunately 
I  find  that  precise  information  of  value  is  very  meagre. 

Certain  forests  from  which  fuel  supplies  for  Bangalore, 
for  the  Eolar  Gold  Field  and  for  the  Railways  have  been 
obtained  for  many  years  past,  were  subject  to  indiscrimi- 
nate fellings,  and  definite  information  as  to  the  quantity  of 
fuel  obtained  and  the  methods  of  felling,  conservancy,  etc.« 
appears  to  be  lacking.  Of  recent  years,  however,  certain 
of  these  forests  have  been  placed  under  control  and 
worked  systematically,  and  I  have  received  the  following 
figures  from  Mr.  Muttannah  as  to  the  more  recent  fellings. 
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Eamasandba  Fobesi,  Kolab  Distbici. 


Year 

Area  of  coupe 

Quantity  of  fuel 
obtained 

Acres 

Tons. 

1905-06  ... 

...     677 

1,756 

1906-07  ... 

...     775 

2,177 

1907-08  ... 

...     687 

l,789i 

Total 

...  2,139 

5,722i 

Average  yield     ...  2*7  tons  per  acre. 
Devarayadurga  Forest,  Tumkur  District. 


Year 

Area  of  coupe 

Quantity  of  fuel 
obtained 

Acres. 

Tons. 

1905-06  ... 

•..  1,116 

1,439 

1906-07  ... 

...     970 

1,340 

1907-08  ... 

...     808 
. . .  2,894 

566 

Total 

3,345 

Average  yield 

...  1*16  tons 

per  acre. 

As  the  period  of  rotation  for  the  cutting  of  these 
coupes  is  stated  to  be  about  20  years,  the  annual  yield 
per  acre  works  out  at  013  and  0*058  tons,  respectively, 
in  the  two  cases. 

As  the  Conservator  remarks,  these  forests  have  been 
subjected  to  heavy  and  indiscriminate  fellings  in  the 
past,  and  these  figures  are  probably  much  lower  than 
what  would  be  obtained  under  systematic  conservancy. 
Also  these  forests  are  on  comparatively  poor  soil  and  the 
rainfall  (about  28  inches)  is  not  favourable  either  as  re- 
gards quantity  or  distribution. 

Estimates,  based  partly  on  some  trial  fellings,  for  some 
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of  the  better  portions  of  the  Kamasandra  Forest,  appear 
to  indicate  that  a  total  output  of  from  7  to  9  tons  per 
acre  might  be  expected  for  such  portions  which,  on  a 
rotation  of  20  years,  would  mean  an  annual  yield  of 
about  0*4  tons  per  acre. 

On  the  whole,  these  figures  agree  fairly  well  with  those 
already  discussed  in  the  case  of  the  Madras  Presidency. 

On  the  other  hand,  they  do  not  help  us  much,  as   the 
total  quantity   of  fuel   obtainable   from   these  forests   is 
quite  small  and  the  forests  themselves  are  very  different 
in  character  to  the  heavier  jungles  of  the  Shimoga   and 
Eadur  Districts,  where  larger  supplies  would  have   to  be 
sought.     Unfortunately  T  have  been   unable   to  obtain 
any  figures  whatever  as  to   the   probable   outturn   from 
these  larger  jungles,  as  no  systematic   felling   on  a  large 
scale  has  at  present  been   attempted.      There   can  be  no 
question,  however,  that  large  areas  of  these  heavy  forests 
would  yield  on  the  average  more  than  the  best  portions 
of  the  Kamasandra  Forest  or,  in  other  words,  more  than  i 
ton  per  acre  per  annum,  and  I  do  not  think   that  one 
would  err  in  allowing  1  ton  per  acre,   over   considerable 
areas,  for  fuel  and  excluding  valuable   timber   trees.    It 
may   be  noted  that  the   soil  in   most   of    these  heavier 
jungles  is  good  and  the  rainfall  is  probably  70  to  80  inches 
and  increases  as  the  jungles  of  the  Western  Ghats  are  ap- 
proached, and  it  does  not  seem  unreasonable  to  assume 
that  the  output  of   fuel  might  be  two  or  three  times  as 
great  as  in  the  best  portions  of  the  Kamasandra  Forest 
with  a  poor  soil  and  a  badly  distributed  rainfall  of  only  28 
inches.     Mr.    Muttannah   is  of    opinion  that  the  yield 
would  be  very  much  more  than  this  but,  as  there  are  no 
data  to  go  upon,  it  would  be  unsafe  to  base  any  calcula- 
tions on  a  very  high  rate  of  yield,  nor  is  there  any  need 
to  strain  the  point  at  present. 

Assuming  that  it  is  possible  to  make  and  dispose  of 
10,000  tons  of  electrically  smelted  steel  per  annum,  the 
amount  of  charcoal  required  would  be  about  3,500   tons, 
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to  make  which  some  four  to  five  times  its  weight  of  wood- 
fuel  would  be  needed,  say  at  the  outside  17,500  tons. 

If  we  assume  the  output  of  fuel  to  be  1  ton  per  acre  or 
600  tons  per  square  mile,  the  above  supply  would  be  fur- 
nished by  30  square  miles  of  good  forest. 

It  is  obvious  that  there  will  be  no  difficulty  in  obtain- 
ing the  charcoal  necessary  for  an  industry  of  these 
dimensions  and  if  the  works  were  situated  in  or  close  to 
the  forest  (say  near  the  Bababudan  Hills)  the  collection 
and  transport  of  charcoal  would  be  comparatively  cheap. 
It  is  also  obvious  that  it  is  of  little  moment  whether  the 
output  of  fuel  is  reckoned  at  1  ton  or  J  ton  per  acre. 

But  an  industry  producing  10,000  tons  of  steel  per 
annum  is  a  small  affair  and,  although  there  may  be  no 
immediate  scope  for  a  larger  output,  it  is  necessary  to 
take  into  account  future  developments  which  may  render 
a  much  larger  industry  possible.  In  such  a  case  a 
modem  concern  which  hoped  to  produce  the  commoner 
classes  of  steel  could  hardly  have  an  output  of  less  than 
about  100,000  tons  per  annum  and  this  would  require, 
on  the  same  basis  of  calculation,  a  forest  area  of  300 
square  miles.  It  is  obvious  that  in  this  case  it  is  of  con- 
siderable importance  whether  the  forest  output  of  fuel 
is  going  to  be  i  ton  or  1  ton  or  more  per  acre. 

In  the  first  place  it  becomes  a  question  whether  the 
supply  necessary  can  be  obtained  at  all  or  not,  and  in  the 
second  place  what  it  is  going  to  cost.  As  to  the  first 
question  I  am  satisfied  that  the  supply  can  be  obtained 
from  a  very  fairly  compact  area  even  were  the  yield  to 
fall  as  low  as  J  ton  per  acre,  which  would  require  an 
area  of  600  square  miles.  I  am  therefore  all  the  more 
satisfied  as  to  the  supply  being  obtainable  in  view  of  the 
fact  that  I  consider  1  ton  per  acre  as  by  no  means  an 
unreasonable  yield  to  expect.  Beyond  this  there  is  the 
possibility  of  establishing  plantations  which  would  still 
further  increase  the  supply  available,  though,  of  course, 
at  a  higher  cost. 
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Cost  of  Chabcoal  in  Mysore. 

Comparatively  little  charcoal  is  made  in  Mysore  and 
the  data  available  for  estimating  the  cost  of  producing  it 
on  a  large  scale  are  meagre  and  uncertain.  Mr.  Mnt- 
tannah  is  of  opinion  that  charcoal  could  be  produced  in 
the  large  forests  at  Rs.  10  per  ton  and  delivered  on  the 
railway  in  the  Kadur  and  Shimoga  Districts  at  Bs.  14 
to  Bs.  18  per  ton.  The  estimate  of  Bs.  10  is  probably 
low  and  would  mean  a  very  low  rate  of  seigniorage  with 
practically  no  expense  for  carting. 

In  the  Bangalore  District  charcoal  is  made  by  contract- 
ors and  the  produce  carted  to  Bangalore,  where  it  is  sold 
for  Bs.  30  per  ton.  This  charcoal  is  made  in  small  pits 
about  1  yard  in  diameter,  and  the  following  figures  have 
been  furnished  by  a  contractor : — 

The  quantity  of  firewood  required  to  make  1  ton  of 

charcoal  is  about  6  tons. 

Per  ton  of  charcoal. 
Bs.  a.    p. 

Seigniorage  on  charcoal  at  Bs.  2-8-0 

per  cart-load  of  16  cwts.    ... 
Collecting  the  wood 

Average  cost  of  carting  wood   to 

place  of  burning 
Labour  for  burning,  etc. 

Total 

In  the  big  forests,  such  as  those  of  Eadur,  Mr.  Mut- 
tannah  is  of  opinion  that  the  rate  of  seigniorage  would  be 
Be.  1  per  ton  of  firewood  ;  the  cost  of  cutting  and  stack- 
ing the  fuel.  Be.  1  per  ton  and  the  cost  of  carting,  4 
annas  per  ton  mile. 

If  fairly  large  heaps  or  temporary  kilns  were  used,  the 
wood  required  should  not  exceed  5  tons  and  the  labour 
for  filling  and  burning  ought  not,  I  think,  to  exceed  Bs.  3 


...    t5 

2 

0 

...    o 

4 

0 

...    6 

8 

0 

...    o 

2 

0 

...  18 

0 

0 
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Bs. 

a. 

P- 

...     5 

0 

0 

...     5 

0 

0 

...     3 

0 

0 

...     3 

0 

0 

...  16 

0 

0 

X>er  ton  of  charcoal.     On  these  figures  we  would  get  the 
following  estimate : — 


Seigniorage  on  5  tons  of  wood 
Catting  and  stacking  of  wood 
Carting  to  kiln 
Labour  for  burning      ... 

Total 


To  this  must  be  added  transport  to  smelting  works 
'which,  if  carts  were  used,  at  3  annas  per  ton  per  mile  up 
to  20  miles,  would  come  to  about  Es.  3  per  ton. 

On  this  system  very  large  supply  of  charcoal  could  be 
obtained  at  a  cost  Bs.  19  per  ton. 

This  figure  might  be  reduced  in  many  ways.  The 
seigniorage  is  high  and  I  believe  that  12  annas  per  ton  or 
less  is  charged  in  some  areas. 

Again  it  might  be  worth  while  to  put  up  a  modern 
kiln  in  which  the  quantity  of  wood  required  could  be 
reduced  to  4  tons  and  in  which  the  labour  charges  for 
burning  would  probably  not  amount  to  Be.  ]  per  ton. 

On  these  conditions  the  cost  would  work  out  as 
follows : — 


Bs. 

a. 

P- 

Seigniorage  on  4  tone  of  wood 

..     3 

0 

0 

Cutting  and  stacking   ... 

..     4 

0 

0 

Carting  to  kiln 

..     3 

0 

0 

Labour  for  burning 

..     1 

0 

0 

Cartage  of  charcoal  to  works 

..     3 

0 

0 

Depreciation  and  up-keep  of  kiln    . 

..     1 

0 

0 

Total 

..  15 

0 

0 

In  addition,  the  question  of  using  light  surface  tram- 
ways instead  of  country  carts  would  have  to  be  con- 
sidered and  this  would  considerably  reduce  the  transport 
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charges  per  ton  mile  both  for  wood  and  charcoal.  On 
the  other  hand,  in  using  a  tramway  profitably  longer  dis- 
tances would  be  traversed,  especially  in  the  case  of  the 
more  i)ermancnt  kiln,  so  that  the  final  result  would 
probably  be  more  a  question  of  convenience  than  of  re- 
duction of  cost. 

In  the  case  of  a  modern  kiln  the  question  of  recovery 
of  the  by-products  might  come  in.  Mr.  Alfred  Chatterton, 
Director  of  Industrial  and  Technical  Enquiries  to  the 
Government  of  Madras,  in  his  Administration  Report  for 
1907-08,  makes  the  following  statement  with  regard 
to  some  experiments  made  with  casuarina  wood  from 
plantations  on  the  Madras  coast : — 

"  By  the  carbonization  of  12,000  tons  of  wood  in  iron 
retorts  we  expect  to  obtain — 

3,500  tons  of  charcoal  estimated  to  Rs. 

be  worth  ...  ...     70,000 

54,000  gallons  of  wood-spirit  worth  ...     81,000 

540  tons  of  tar  ..  ...     21,600 

700  tons  of  acetate  of  lime  . . .     63,000 


Total  2,35,600 


That  is  to  say,  each  ton  of  wood  will  yield  products 
worth  nearly  Rs.  20  and  as  the  cost  of  growing  the 
timber  is  certainly  less  than  Rs.  5  per  ton  it  w-ill  be  evi- 
dent that  there  is  a  large  margin  for  working  expenses 
and  for  interest  and  depreciation  charges  on  the  capital 
outlay.*' 

I  have  also  obtained  the  following  figures  about  the 
Grondal  kiln  which  is  largely  used  in  Sweden  for  prepara- 
tion of  charcoal  with  recovery  of  by-products. 
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Test  made  on  Grondal  kiln  for  three  months. 

Wood  used, — Sodden  spruce  board  edgings  saturated 
with  water. 

The  same  edgings  were  used  as  fuel  in  the  gas  pro- 
ducer, the  consumption  being  15  per  cent  of  the  wood 
charged  into  the  kiln. 

Output  of  charcoal. — Amounted  to  74  per  cent  of  the 
wood  charged,  the  average  output  per  shift  being  2,270 
bushels. 

By-products, — The  average  by-products  recovered  over 
the  three  months  were — 

Kaw  turpentine  1*36  gallons  per  cord. 

Thick  tar  2 '36 

Tar  oil  65 

Concentrate     2890  „ 

Contents  oj  concentrate — 

Acetic  acid  5*46  gallons  per  cord. 

Methyl  alcohol    20  „ 


Test  on  Grondal  kiln  for  48  hours. 

Wood  used, — Spruce  logs,  from  10"  diameter  down- 
wards, not  sufficiently  good  for  saw-mills  and  thoroughly 
wet. 

Fuel  in  producer, — Sodden  spruce  board  edgings,  the 
consumption  being  7  per  cent  of  the  wood  charged  into 
the  kiln. 

Output  of  charcoal, — Amounted  to  85  per  cent  of  the 
wood  charged  or  85  bushels  per  cord. 

By-products — 

Kaw  turpentine  104  gallons  per  cord 

Thick  tar  2*46 

Tar  oil  13-26 

Concentrate  163"2                ,, 
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The  ooBt  of  labour  for  this  kiln  was  determined  to  be 
per  bushel  of  charcoal  =  0'205d. 

If  we  reckon  1  bushel  =  1 1  cubic  feet  and  1  cubic  foot 
of  charcoal  =  12  lbs.,  the  labour  works  out  about  30d. 
per  ton.  As  wages  in  Sweden  are  about  3/6  per  shift  as 
against  Gd,  or  8^.  in  Mysore,  the  estimate  which  I  made 
above  of  Be.  1  per  ton  for  labour  probably  errs  on  the 
high  side. 


It  is  fairly  obvious  that,  if  the  by-products  thus  ob- 
tained have  anything  like  the  value  estimated  by  Mr. 
Chatterton,  that  is  to  say,  if  they  can  be  sold  within 
reasonable  distance  of  the  kiln,  the  cost  of  charcoal  to 
a  company  making  it  for  its  own  use  would  be  very 
materially  reduced.  As  I  have  no  data  at  hand  to  go 
upon,  I  must  leave  this  possibly  important  point  for  the 
present. 

On  the  whole,  indefinite  and  unsatisfactory  as  is  the 
information  which  I  have  so  far  been  able  to  obtain, 
there  appear  to  be  sufficient  grounds  for  conviction  that 
in  certain  localities  (such  as  the  Bababudan  Hills)  the 
surrounding  forests  can  without  any  great  difficulty 
furnish  a  constant  supply  of  charcoal  sufficient  for  the 
annual  production  of  100,000  tons  of  smelted  iron  or 
steel  at  a  cost  which  need  not,  I  believe,  exceed  Bs.  15,  or 
20  shillings,  per  ton  and  that  a  considerably  larger  supply 
could  be  obtained  at  a  small  additional  cost  for  transport 
from  forests  further  afield. 

For  a  small  supply  of  some  3,000  to  4,000  tons  of  char- 
coal per  annum  the  cost  need  not,  I  think,  be  appreciably 
higher,  for  though  working  expenses  and  standing  charges 
would  be  increased  transport  charges  would  diminish. 
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III.    THE  SUPPLY  OF  FLUXING  MATEEIAL 

AND  ITS  COST. 

Carbonate  of  lime  is  fairly  abundant  in  Mysore,  either 
in  the  form  of  limestones  associated  with  the  Dharwar 
schists  or  in  the  form  of  superficial  deposits  of  lime 
kankar — a  kind  of  nodular  travertine.  So  far  as  I  know, 
there  are  no  large  supplies  of  limestone  anywhere  near 
the  Bababudan  Hills.  Small  deposits  of  kankar  have 
been  found  round  about  Chikmagalur,  but  the  samples 
I  have  seen  do  not  appear  to  be  of  high  quality  and  the 
amount  of  material  available  is  very  limited.  Kankar  is, 
however,  so  widely  distributed  that  it  is  quite  possible  that 
larger  deposits  may  hereafter  be  discovered  in  this  neigh- 
bourhood ;  the  deposits  are  frequently  covered  by  a  thick 
layer  of  soil. 

The  better-known  deposits  of  kankar  occur  in  the 
Mandya  Taluk  of  the  Mysore  District  and  are  about  100 
miles  from  the  Bababudan  Hills.  There  is  no  direct 
railway  communication  between  these  places,  and  the 
material  would  have  to  be  brought  through  Bangalore 
making  a  railway  lead  of  something  over  200  miles. 

The  following  analyses  show  the  character  of  the 
materials  which  can  be  obtained  from  the  Mandya  Taluk. 


Analyses  op  Samples  op  Kankar. 


Number  of  sample 


Loss  on  ignition 
SiUca  (SiOa) 
Phosphorus  (P) 
Sulphur  (S) 


Per  cent 

Per  cent 

41'94 

4228 

458 

270 

0002 

0005 

0039 

0028 

Per  cent 
3200 
2478 
0004 
0048 


{contimced) 
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Analysis  op  Samples  op  Kakkar — ameld. 


Number  of  sample 

O/208 

O/209 

0/210 

'  Per  cent 

Per  cent 

1 

'  Per  cent 

1 

Ferric  oxide  (FejOa)  ... 

...  '     0*96 

085 

1-55 

Alumina  (AUOt) 

1*51 

076 

4*47 

Manganese  oxide  (MnO) 

trace 

trace 

i 

Calcium  oxide  (CaO)... 

...      45*60 

6270 

25*90 

Magnesia  (MgO) 

...  i      0*38 

ri7 

10-46 

Sample  No.  O/208  comes  from  Mardevanhalli  and 
sample  No.  O/209  comes  from  Malchakanhalli,  both  of 
which  places  are  within  6  miles  of  the  Yeliyur  Railway 
Station.  The  quality  of  the  kankar  is  very  good  and  it 
would  make  a  most  excellent  flux.  Unfortunately  these 
particular  deposits  do  not  appear  to  be  very  extensive  and 
at  present  yield  only  about  20  to  25  tons  a  year  each. 
The  material  is  sold  at  Channapatna  for  the  preparation 
of  high  class  chunam  (burnt  lime)  and  fetches  a  high 
price — about  10  shillings  a  ton — which,  taking  the  long 
railway  lead  into  consideration,  would  render  it  rather 
expensive  as  flux.  If  a  large  quantity  was  available,  no 
doubt  the  price  would  be  considerably  reduced,  but,  as  I 
have  said,  this  does  not  appear  to  be  the  case  and  these 
deposits  may  be  left  out  of  account  as  a  source  of  supply. 

At  Sindlagiri,  and  on  the  banks  of  the  Hebhalla  Biver, 
in  the  Mandya  Taluk,  much  larger  quantities  of  kankar 
are  to  be  found,  but  unfortunately  the  quality  is  not  good 
as  shewn  by  the  analysis  of  sample  No.  O/210,  taken  from 
Sindlagiri,  and  this  material  must  also  be  passed  over  as  a 
possible  source  of  supply  at  any  rate  on  any  large  scale. 

I  understand  that  large  quantities  of  kankar  of  better 
quality  are  imported  into  Bangalore  from  Morapur  and 
Samalpatti  in  the  Salem  District  of  the  Madras  Presi- 
dency.    This  material  is  said  to  cost  Be.  1  per  ton  and  the 
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rail  charge  to  Bangalore  is  Bs.  80  for  a  16 -ton  waggon. 
This  makes  the  cost  at  Bangalore  Bs.  8  per  ton,  and  if  a 
further  Bs.  4  is  added  for  freight  from  Bangalore  to  the 
Bababndans,  it  ought  to  be  possible  to  deliver  the  stuff  at 
the  works  for  Bs.  7,  or  rather  under  10  shillings,  per  ton. 
The  following  are  analyses  of  two  samples.  No.  B/172 
is  from  Hamalpatti  and  No.  B/178  is  from  Morapur. 


R/172 

R/173 

Per  cent 

Per  cent 

...     0-87 

0-90 

...  36-82 

35.55 

...     903 

10-93 

...     2-35 

2-.58 

...     108 

2-43 

...     010 

0074 

...  45-8.5 

43-82 

...     412 

2-80 

...     0-057 

0-061 

...     0015 

005 

Analyses  op  Salem  kankar. 
Number  of  sample 

Moisture  at  100"  C. 
Loss  on  ignition 
Silica  (SiOa)      ... 
Ferric  oxide  (PeaOg) 
Alumina  (AI2O3) 
Manganous  oxide  (MnO) 
Calcium  oxide  (CaO) 
Magnesium  oxide  (MgO) 
Sulphuric  acid  (SO3) 
Phosphoric  acid  (P2O5) 

These  materials  are  of  fair  quality,  but  rather  too  high 
in  silica,  a  disadvantage  which  might  perhaps  be  lessened 
by  picking. 

Turning  now  to  the  limestones  of  which  there  are 
numerous  extensive  beds  or  deposits  in  the  State,  the 
nearest  to  the  site  of  the  proposed  smelting  works  at  the 
Bababudan  Hills  are  those  which  occur  close  to  the  edge 
of  the  Chitaldrug  Schist  Belt,  a  little  to  the  east  of  Huli- 
yar.  This  locality  is  not  on  the  railway  and  the  lead  to 
the  nearest  Bailway  Station  (Banavar)  is  about  35  miles 
and  from  there  to  the  works  there  would  be  a  railway  lead 
of  about  35  miles.  Quarrying  the  limestone  would  cost,  I 
think,  not  more  than  2  shillings  per  ton ;  cartage  for  35 
miles  at  3d.  per  ton  mile  comes  to  9  shillings  per  ton  and 
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railage  for  85  miles,  at  ^d.  per  ion  mile,  say,  Is.  6d.  per 
ton.  This  makes  a  total  cost  of  12/0  j^er  ton ;  bnt  with 
traction  instead  of  country  carts  for  the  road  journey  it 
might  be  reduced  by  several  shillings,  and  I  consider  that 
10  shillings  per  ton  will  be  an  ample  allowance  for  large 
quantities  and  will  i>ermit  of  the  exploitation  of  some 
other  beds  rather  farther  off  and  a  certain  amount  of 
selection  of  material. 

The  material  is  rather  variable  in  character  and  is  some- 
times rather  siliceous.  The  following  analysis  (sample 
No.  R.  117)  is  fi'om  a  bed  near  Huliyar  of  which  there  is 
a  large  quantity  available. 

Analysis  op  limestone  No.  R.  117 

Loss  on  ignition  -  40*62     per  cent. 
Silica  (SiOa)  549 

Phosphorus  (P)  -  0001 4 

Sulphur  (S)  -    0-035 

Ferric  oxide  (FegOa)  -     1*77 
Alumina  (Al^Og)  018 

Manganese  oxide  (MnO)  =  1*06 

Calcium  oxide  (CaO)  -47*93 

Magnesia  (MgO)  -    2*89 

The  percentage  of  silica  is  rather  higher  than  desirable, 
but  in  other  respects  the  composition  is  favourable,  and  on 
the  whole  this  material  should  prove  a  satisfactory  flux. 
Without  going  further  into  the  matter,  I  shall  take  it 
that  flux  of  this  character  is  available  in  abundance  and 
that  it  need  not  cost  more  than  10  shillings  per  ton  at 
the  works. 
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IV.   CRUSHING,  MAGNETIC  CONCENTRATION 

AND  BRICQUETTING. 

Crtishing, — It  may  be  regarded  as  one  of  the  eBSsential 
features  of  the  Stassano  process  that  the  ore  must  be 
crushed  in  order  that  it  may  be  thoroughly  mixed  with 
the  reducing  carbon. 

In  other  furnaces,  such  as  the  Heroult,  Keller,  Girod, 
Scott-Anderson,  etc.,  which  are  more  or  less  shaft  fumaces 
and  in  which  heat  is  generated  at  the  bottom  of  the  charge 
of  ore  and  carbon,  it  is  possible  to  avoid  the  fine-crushing 
and  bricquetting  and  to  use  the  ore  and  carbon  in  small 
lumps.  Doubtless  in  these  cases  the  reduction  of  the  ore 
is  due  partly  to  the  action  of  CO  produced  in  the  hotter 
part  of  the  furnace  by  reaction  between  ore  (possibly 
more  or  less  molten  or  viscous)  and  solid  carbon.  Even 
in  such  fumaces  it  is  a  question  whether  the  efficiency  of 
the  process  would  not  be  improved  by  the  bricquetting  of 
ore  and  carbon  in  a  fine  state  of  division. 

In  the  Stassano  furnace,  however,  owing  to  the  com- 
paratively thin  layer  of  charge  on  the  hearth,  heated  from 
above,  the  greater  portion  of  the  CO  produced  must  escape 
at  once  without  helping  to  reduce  ore,  and  the  reduction 
must  be  due  almost  entirelv  to  the  interaction  of  solid 
(or  viscous)  ore  and  solid  carbon,  and  the  rate  of  smelting 
must  depend  very  largely  on  the  intimacy  of  the  contact 
between  the  two  or,  in  other  words,  on  the  fineness  of 
comminution  and  uniformity  of  mixture. 

Ores  which  are  of  such  a  nature  as  to  require  concen- 
tration have  to  be  crushed  and  probably  bricquetted,  no 
matter  which  type  of  furnace  is  used,  but  in  the  case  of 
ores  which  do  not  need  concentration  a  furnace  which 
does  not  require  the  ore  and  carbon  to  be  intimately 
associated  in  the  form  of  bricquettes  may  possibly  have 
some  advantage  over  one  which  does.  So  far  as  I  am 
aware,  the  products  of  the   two   types  of  furnace  are 

G  2 


76 


Cost  op  Charcoal  in  Mysore. 

Comparatively  little  charcoal  is  made  in  Mysore  and 
the  data  available  for  estimating  the  cost  of  producing  it 
on  a  large  scale  are  meagre  and  uncertain.  Mr.  Mat- 
tannah  is  of  opinion  that  charcoal  could  be  produced  in 
the  large  forests  at  Bs.  10  per  ton  and  delivered  on  the 
railway  in  the  Kadur  and  Shimoga  Districts  at  Bs.  14 
to  Bs.  18  per  ton.  The  estimate  of  Bs.  10  is  probably 
low  and  would  mean  a  very  low  rate  of  seigniorage  with 
practically  no  expense  for  carting. 

In  the  Bangalore  District  charcoal  is  made  by  contract- 
ors and  the  produce  carted  to  Bangalore,  where  it  is  sold 
for  Bs.  80  per  ton.  This  charcoal  is  made  in  small  pits 
about  1  yard  in  diameter,  and  the  following  figures  have 
been  furnished  by  a  contractor : — 

The  quantity  of  firewood  required  to  make  1  ton  of 

charcoal  is  about  6  tons. 

Per  ton  of  charcoal. 
Bs.  a.    p. 

Seigniorage  on  charcoal  at  Bs.  2-8-0 

per  cart-load  of  16  cwts.    . . . 

Collecting  the  wood 

Average  cost  of   carting   wood   to 

place  of  burning 
Labour  for  burning,  etc. 

Total 

In  the  big  forests,  such  as  those  of  Kadur,  Mr.  Mut- 
tannah  is  of  opinion  that  the  rate  of  seigniorage  would  be 
Be.  1  per  ton  of  firewood ;  the  cost  of  cutting  and  stack- 
ing the  fuel,  Be.  1  per  ton  and  the  cost  of  carting,  4 
annas  per  ton  mile. 

If  fairly  large  heaps  or  temporary  kilns  were  used,  the 
wood  required  should  not  exceed  5  tons  and  the  labour 
for  filling  and  burning  ought  not,  I  think,  to  exceed  Bs.  3 


...    o 

2 

0 

...    O 

4 

0 

...  6 

8 

0 

...    D 

2 

0 

...  18 

0 

0 
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per  ton  of  charcoal.     On  these  figures  we  would  get  the 

following  estimate : — 

Bs.  a.  p. 

Seigniorage  on  5  tons  of  wood         ...     5     0     0 
Catting  and  stacking  of  wood 
Carting  to  kiln 
Labour  for  burning 

Total 


5     0 

0 

3    0 

0 

3     0 

0 

16     0     0 


To  this  must  be  added  transport  to  smelting  works 
which,  if  carts  were  used,  at  3  annas  per  ton  per  mile  up 
to  20  miles,  would  come  to  about  Rs.  3  per  ton. 

On  this  system  very  large  supply  of  charcoal  could  be 
obtained  at  a  cost  Rs.  19  per  ton. 

This  figure  might  be  reduced  in  many  ways.  The 
seigniorage  is  high  and  I  believe  that  12  annas  per  ton  or 
less  is  charged  in  some  areas. 

Again  it  might  be  worth  while  to  put  up  a  modern 
kiln  in  which  the  quantity  of  wood  required  could  be 
reduced  to  4  tons  and  in  which  the  labour  charges  for 
burning  would  probably  not  amount  to  Re.  1  per  ton. 

On    these  conditions    the   cost    would   work    out 
follows : — 


as 


Bs. 

a. 

P- 

Seigniorage  on  4  tons  of  wood 

...     3 

0 

0 

Catting  and  stacking   ... 

...     4 

0 

0 

Carting  to  kiln 

...     3 

0 

0 

Labour  for  burning 

...     1 

0 

0 

Cartage  of  charcoal  to  works 

...     3 

0 

0 

Depreciation  and  ap-keep  of  kiln 

...     1 

0 

0 

Total 

...  15 

0 

0 

In  addition,  the  question  of  using  light  surface  tram- 
ways instead  of  country  carts  would  have  to  be  con- 
sidered and  this  would  considerably  reduce  the  transport 
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charges  per  ton  mile  both  for  wood  and  charcoal.  On 
the  other  hand,  in  using  a  tramway  profitably  longer  dis- 
tances would  be  traversed,  especially  in  the  case  of  the 
more  permanent  kiln,  so  that  the  final  result  would 
probably  be  more  a  question  of  convenience  than  of  re- 
duction of  cost. 

In  the  case  of  a  modern  kiln  the  question  of  recovery 
of  the  by-products  might  come  in.  Mr.  Alfred  Chatterton, 
Director  of  Industrial  and  Technical  Enquiries  to  the 
Government  of  Madras,  in  his  Administration  Report  for 
1907-08,  makes  the  following  statement  with  regard 
to  some  experiments  made  with  casuarina  wood  from 
plantations  on  the  Madras  coast : — 

"  By  the  carbonization  of  12,000  tons  of  wood  in  iron 
retorts  we  expect  to  obtain — 

8,500  tons  of  charcoal  estimated  to  Bs. 

be  worth  ...  ...     70,000 

54,000  gallons  of  wood-spirit  worth  ...     81,000 

540  tons  of  tar  ..  ...     21,600 

700  tons  of  acetate  of  lime  ...     63,000 


Total  2,35,600 


That  is  to  say,  each  ton  of  wood  will  yield  products 
worth  nearly  Rs.  20  and  as  the  cost  of  growing  the 
timber  is  certainly  less  than  Rs.  5  per  ton  it  will  be  evi- 
dent that  there  is  a  large  margin  for  working  expenses 
and  for  interest  and  depreciation  charges  on  the  capital 
outlay.'* 

I  have  also  obtained  the  following  figures  about  the 
Grondal  kiln  which  is  largely  used  in  Sweden  for  prepara- 
tion of  charcoal  with  recovery  of  by-products. 
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Test  made  on  Grondal  kiln  for  three  months. 

Wood  used, — Sodden  spruce  board  edgings  saturated 
^th  water. 

The  same  edgings  were  used  as  fuel  in  the  gas  pro- 
ducer, the  consumption  being  15  per  cent  of  the  wood 
charged  into  the  kiln. 

Output  of  charcoal. — Amounted  to  74  per  cent  of  the 
wood  charged,  the  average  output  per  shift  being  2,270 
bushels. 

By-products, — The  average  by-products  recovered  over 
the  three  months  were — 

Raw  turpentine  1*36  gallons  per  cord. 

Thick  tar  236 

Tar  oil  GS 

Concentrate     2890  „ 

Contents  oj  co^icentrate — 

Acetic  acid  5'46  gallons  per  cord. 

Methyl  alcohol    20  „ 


Test  on  Grondal  kiln  for  48  hours. 

Wood  used, — Spruce  logs,  from  10"  diameter  down- 
wards, not  sufficiently  good  for  saw-mills  and  thoroughly 
wet. 

Fuel  in  producer, — Sodden  spruce  board  edgings,  the 
consumption  being  7  per  cent  of  the  wood  charged  into 
the  kiln. 

Output  of  charcoal, — Amounted  to  85  per  cent  of  the 
wood  charged  or  85  bushels  per  cord. 

By-products — 

Eaw  turpentine  1*04  gallons  per  cord 

Thick  tar  246 

Tar  oil  13-26 

Concentrate  163'2                „ 


80 

The  cost  of  labour  for  this  kiln  waa  determined  to  be 
per  bushel  of  charcoal  =  0'205(2. 

If  we  reckon  1  bushel  =  1  ^  cubic  feet  and  1  cubic  foot 
of  charcoal  =  12  lbs.,  the  labour  works  out  about  30d. 
per  ton.  As  wages  in  Sweden  are  about  3/6  per  shift  as 
against  6d.  or  8<2.  in  Mysore,  the  estimate  which  I  maik 
above  of  Re.  1  per  ton  for  labour  probably  errs  on  the 
high  side. 


It  is  fairly  obvious  that,  if  the  by-products  thus  ob- 
tained have  anything  like  the  value  estimated  by  Mr. 
Chatterton,  that  is  to  say,  if  they  can  be  sold  within 
reasonable  distance  of  the  kiln,  the  cost  of  charcoal  to 
a  company  making  it  for  its  own  use  would  be  very 
materially  reduced.  As  I  have  no  data  at  hand  to  go 
upon,  I  must  leave  this  possibly  important  point  for  the 
present. 

On  the  whole,  indefinite  and  unsatisfactory  as  is  the 
information  which  I  have  so  far  been  able  to  obtain, 
there  appear  to  be  sufficient  grounds  for  conviction  that 
in  certain  localities  (such  as  the  Bababudan  Hills)  the 
surrounding  forests  can  without  any  great  difficulty 
furnish  a  constant  supply  of  charcoal  sufficient  for  the 
annual  production  of  100,000  tons  of  smelted  iron  or 
steel  at  a  cost  which  need  not,  I  believe,  exceed  Bs.  15,  or 
20  shillings,  per  ton  and  that  a  considerably  larger  supply 
could  be  obtained  at  a  small  additional  cost  for  transport 
from  forests  further  afield. 

For  a  small  supply  of  some  3,000  to  4,000  tons  of  char- 
coal per  annum  the  cost  need  not,  I  think,  be  appreciably 
higher,  for  though  working  expenses  and  standing  charges 
would  be  increased  transport  charges  would  diminish. 
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III.    THE  SUPPLY  OF  FLUXING  MATEEIAL 

AND  ITS  COST. 

Carbonate  of  lime  is  fairly  abundant  in  Mysore,  either 
in  the  form  of  limestones  associated  with  the  Dharwar 
schists  or  in  the  form  of  superficial  deposits  of  lime 
kankar — a  kind  of  nodular  travertine.  So  far  as  I  know, 
there  are  no  large  supplies  of  limestone  anywhere  near 
the  Bababudan  Hills.  Small  deposits  of  kankar  have 
been  found  round  about  Chikmagalur,  but  the  samples 
I  have  seen  do  not  appear  to  be  of  high  quality  and  the 
amount  of  material  available  is  very  limited.  Kankar  is, 
however,  so  widely  distributed  that  it  is  quite  possible  that 
larger  deposits  may  hereafter  be  discovered  in  this  neigh- 
bourhood ;  the  deposits  are  frequently  covered  by  a  thick 
layer  of  soil. 

The  better-known  deposits  of  kankar  occur  in  the 
Mandya  Taluk  of  the  Mysore  District  and  are  about  100 
miles  from  the  Bababudan  Hills.  There  is  no  direct 
railway  communication  between  these  places,  and  the 
material  would  have  to  be  brought  through  Bangalore 
making  a  railway  lead  of  something  over  200  miles. 

The  following  analyses  show  the  character  of  the 
materials  which  can  be  obtained  from  the  Mandya  Taluk. 


Analyses  op  Samples  op  Kankar. 


Number  of  sample 


O/210 


Loss  on  ignition 
SiUca  (SiOa) 
Phosphorus  (P) 
Sulphur  (S) 


Per  cent  Per  cent 
41*94     I    4228 
458  270 

0002  I      0'005 
0*039  j      0'028 


Per  cent 
3200 
24*78 
0004 
0048 


{contintied) 
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Analysis  op  Samples  op  Kankak — concld. 


Number  of  sample 


O/208 


O/209 


O/210 


I  Per  cent ;  Per  cent  |  Per  cent 

Ferric  oxide  (Fe,0,) '      096     '      0*85     ,      155 

Alumina  (AUO.)         1*51     '      076  4*47 

Manganese  oxide  (MnO)  ...       trace         trace 

Calcium  oxide  (CaO) '    4560        5270        25'90 

Magnesia  (MgO)        ]      0*38  117     '    10*46 

Sample  No.  O/208  comes  from  Mardevanhalli  and 
sample  No.  O/209  comes  from  Malchakanhalli,  both  of 
which  places  are  within  6  miles  of  the  Yeliyur  Railway 
Station.  The  quality  of  the  kankar  is  very  g(X)d  and  it 
would  make  a  most  excellent  flux.  Unfortunately  these 
particular  deposits  do  not  appear  to  be  very  extensive  and 
at  present  yield  only  about  20  to  25  tons  a  year  each. 
The  material  is  sold  at  Channapatna  for  the  preparation 
of  high  class  chunam  (burnt  lime)  and  fetches  a  high 
price — about  10  shillings  a  ton — which,  taking  the  long 
railway  lead  into  consideration,  would  render  it  rather 
expensive  as  flux.  If  a  large  quantity  was  available,  no 
doubt  the  price  would  be  considerably  reduced,  but,  as  I 
have  said,  this  does  not  appear  to  be  the  case  and  these 
deposits  may  be  left  out  of  account  as  a  source  of  supply. 

At  Sindlagiri,  and  on  the  banks  of  the  Hebhalla  River, 
in  the  Mandya  Taluk,  much  larger  quantities  of  kankar 
are  to  be  found,  but  unfortunately  the  quality  is  not  good 
as  shewn  by  the  analysis  of  sample  No.  O/210,  taken  from 
Sindlagiri,  and  this  material  must  also  be  passed  over  as  a 
possible  source  of  supply  at  any  rate  on  any  large  scale. 

I  understand  that  large  quantities  of  kankar  of  better 
quality  are  imported  into  Bangalore  from  Morapur  and 

tZl^  ri:'''  ^^^  S^l^^  I^i«t"et  of  the  Madras  Pr^i- 
dency.     This  material  is  said  to  cost  Re.  1  per  ton  and  the 
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rail  charge  to  Bangalore  is  Bs.  30  for  a  16 -ton  waggon. 
This  makes  the  cost  at  Bangalore  Bs.  8  per  ton,  and  if  a 
further  Bs.  4  is  added  for  freight  from  Bangalore  to  the 
Bababudans,  it  ought  to  be  possible  to  deliver  the  stuff  at 
tlie  works  for  Bs.  7,  or  rather  under  10  shillings,  per  ton. 
The  following  are  analyses  of  two  samples.  No.  B/172 
is  from  Samalpatti  and  No.  B/173  is  from  Morapur. 

Analyses  of  Balem  kankar. 
Number  of  sample 

Moisture  at  100^  C. 
Loss  on  ignition 
Silica  (SiOs)      ... 
Ferric  oxide  (Fe^O^) 
Alumina  (AI2O3) 
Manganous  oxide  (MnO) 
Calcium  oxide  (CaO) 
Magnesium  oxide  (MgO) 
Sulphuric  acid  (SO3) 
Phosphoric  acid  (PaOs) 

These  materials  are  of  fair  quality,  but  rather  too  high 
in  silica,  a  disadvantage  which  might  perhaps  be  lessened 
by  picking. 

Turning  now  to  the  limestones  of  which  there  are 
numerous  extensive  beds  or  deposits  in  the  State,  the 
nearest  to  the  site  of  the  proposed  smelting  works  at  the 
Bababudan  Hills  are  those  which  occur  close  to  the  edge 
of  the  Chitaldrug  Schist  Belt,  a  little  to  the  east  of  Huli- 
yar.  This  locahty  is  not  on  the  railway  and  the  lead  to 
the  nearest  Bailway  Station  (Banavar)  is  about  35  miles 
and  from  there  to  the  works  there  would  be  a  railway  lead 
of  about  35  miles.  Quarrying  the  limestone  would  cost,  I 
think,  not  more  than  2  shillings  per  ton ;  cartage  for  35 
miles  at  3d.  per  ton  mile  comes  to  9  shillings  per  ton  and 

o 


R/172 

R/173 

Per  cent 

Per  cent 

0-87 

0-90 

36-82 

35-55 

903 

10-93 

2-35 

2-58 

108 

2-43 

010 

0074 

45-85 

43-82 

4-12 

2-80 

0057 

0061 

0015 

0-05 
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railage  for  85  miles,  at  ^d.  per  ion  mile,  say,  Is.  6d.  per 
ton.  ThiR  makes  a  total  cost  of  12/0  per  ton ;  but  with 
traction  instead  of  country  carts  for  the  road  journey  it 
might  be  reduced  by  several  shillings,  and  I  consider  that 
10  shillings  yiev  ton  will  be  an  ample  allowance  for  large 
quantities  and  will  permit  of  the  exploitation  of  some 
other  beds  rather  farther  off  and  a  certain  amount  of 
selection  of  material. 

The  material  is  rather  variable  in  character  and  is  some- 
times rather  siliceous.  The  following  analysis  (sample 
No.  R.  117)  is  from  a  bed  near  Hulivar  of  which  there  is 
a  large  quantity  available. 

Analysis  op  limestone  No.  R.  117 

Loss  on  ignition  -  40*62     per  cent. 

Silica  (SiOa)  549 

Phosphorus  (P)  -  0001 4 

Sulphur  (S)  -    0035 

Ferric  oxide  (FcaOa)  -   1*77 

Alumina  (Al^Og)  018 
Manganese  oxide  (MnO)  =  1'06 

Calcium  oxide  (CaO)  -47-93 

Magnesia  (MgO)  -    2*89 

The  percentage  of  silica  is  rather  higher  than  desirable, 
but  in  other  respects  the  composition  is  favourable,  and  on 
the  whole  this  material  should  prove  a  satisfactory  flux. 
Without  going  further  into  the  matter,  I  shall  take  it 
that  flux  of  this  character  is  available  in  abundance  and 
that  it  need  not  cost  more  than  10  shillings  per  ton  at 
the  works. 
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IV.   CRUSHING,  MAGNETIC  CONCENTRATION 

AND  BRICQUETTING. 

Crushing, — It  may  be  regarded  as  one  of  the  essential 
features  of  the  Stassano  process  that  the  ore  must  be 
crashed  in  order  that  it  may  be  thoroughly  mixed  with 
the  reducing  carbon. 

In  other  furnaces,  such  as  the  Heroult,  Keller,  Girod, 
Scott- Anderson,  etc.,  which  are  more  or  less  shaft  furnaces 
and  in  which  heat  is  generated  at  the  bottom  of  the  charge 
of  ore  and  carbon,  it  is  possible  to  avoid  the  fine-crushing 
and  bricquetting  and  to  use  the  ore  and  carbon  in  small 
lumi^.  Doubtless  in  these  cases  the  reduction  of  the  ore 
is  due  partly  to  the  action  of  CO  produced  in  the  hotter 
part  of  the  furnace  by  reaction  between  ore  (possibly 
more  or  less  molten  or  viscous)  and  solid  carbon.  Even 
in  such  furnaces  it  is  a  question  whether  the  efficiency  of 
the  process  would  not  be  improved  by  the  bricquetting  of 
ore  and  carbon  in  a  fine  state  of  division. 

In  the  Stassano  furnace,  however,  owing  to  the  com- 
paratively thin  layer  of  charge  on  the  hearth,  heated  from 
above,  the  greater  portion  of  the  CO  produced  must  escape 
at  once  without  helping  to  reduce  ore,  and  the  reduction 
must  be  due  almost  entirelv  to  the  interaction  of  solid 
(or  viscous)  ore  and  solid  carbon,  and  the  rate  of  smelting 
must  depend  very  largely  on  the  intimacy  of  the  contact 
between  the  two  or,  in  other  words,  on  the  fineness  of 
comminution  and  uniformity  of  mixture. 

Ores  which  are  of  such  a  nature  as  to  require  concen- 
tration have  to  be  crushed  and  probably  bricquetted,  no 
matter  which  type  of  furnace  is  used,  but  in  the  case  of 
ores  which  do  not  need  concentration  a  furnace  which 
does  not  require  the  ore  and  carbon  to  be  intimately 
associated  in  the  form  of  bricquettes  may  possibly  have 
some  advantage  over  one  which  does.  So  far  as  I  am 
aware,  the  products  of  the   two   types  of   furnace   are 
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Cost  of  Chabcoal  in  Mysobe. 

Comparatively  little  charcoal  is  made  in  Mysore  and 
the  data  available  for  estimating  the  cost  of  producing  it 
on  a  large  scale  are  meagre  and  uncertain.  Mr.  Mat- 
tannah  is  of  opinion  that  charcoal  could  be  produced  in 
the  large  forests  at  Bs.  10  per  ton  and  delivered  on  the 
railway  in  the  Kadur  and  Shimoga  Districts  at  Bs.  14 
to  Bs.  18  per  ton.  The  estimate  of  Bs.  10  is  probably 
low  and  would  mean  a  very  low  rate  of  seigniorage  with 
practically  no  expense  for  carting. 

In  the  Bangalore  District  charcoal  is  made  by  contract- 
ors and  the  produce  carted  to  Bangalore,  where  it  is  sold 
for  Bs.  30  per  ton.  This  charcoal  is  made  in  small  pits 
about  1  yard  in  diameter,  and  the  following  figures  have 
been  furnished  by  a  contractor : — 

The  quantity  of  firewood  required  to  make  1  ton  of 

charcoal  is  about  6  tons. 

Per  ton  of  charcoal. 
Bs.  a.    p. 

Seigniorage  on  charcoal  at  Bs.  2-8-0 

per  cart-load  of  16  cwts.    . . . 

Collecting  the  wood 

Average  cost   of  carting   wood   to 
place  of  burning 

Labour  for  burning,  etc. 

Total 

In  the  big  forests,  such  as  those  of  Kadur,  Mr.  Mut- 
tannah  is  of  opinion  that  the  rate  of  seigniorage  would  be 
Be.  1  per  ton  of  firewood ;  the  cost  of  cutting  and  stack- 
ing the  fuel.  Be.  1  per  ton  and  the  cost  of  carting,  4 
annas  per  ton  mile. 

If  fairly  large  heaps  or  temporary  kilns  were  used,  the 
wood  required  should  not  exceed  5  tons  and  the  labour 
for  filling  and  burning  ought  not,  I  think,  to  exceed  Bs.  3 


...  o 

2 

0 

...   o 

4 

0 

...  6 

8 

0 

...    0 

2 

0 

...  18 

0 

0 
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per  ton  of  charcoal.     On  these  figures  we  would  get  the 
following  estimate : — 

Bs.  a.  p. 
Seigniorage  on  5  tons  of  wood        ...     5     0     0 

Cutting  and  stacking  of  wood 

Cai-ting  to  kiln 

Labour  for  burning      ... 

Total     ...  16     0     0 


5     0 

0 

3     0 

0 

3     0 

0 

To  this  must  be  added  transport  to  smelting  works 
which,  if  carts  were  used,  at  3  annas  per  ton  per  mile  up 
to  20  miles,  would  come  to  about  Bs.  3  per  ton. 

On  this  system  very  large  supply  of  charcoal  could  be 
obtained  at  a  cost  Bs.  19  per  ton. 

This  figure  might  be  reduced  in  many  ways.  The 
seigniorage  is  high  and  I  believe  that  12  annas  per  ton  or 
less  is  charged  in  some  areas. 

Again  it  might  be  worth  while  to  put  up  a  modern 
kiln  in  which  the  quantity  of  wood  required  could  be 
reduced  to  4  tons  and  in  which  the  labour  charges  for 
burning  would  probably  not  amount  to  Be.  1  per  ton. 

On    these  conditions    the   cost    would   work    out 
follows : — 


as 


Bs. 

a. 

P- 

Seigniurage  on  4  tons  of  wood 

..     3 

0 

0 

Cutting  and  stacking   ... 

..     4 

0 

0 

Carting  to  kiln 

..     3 

0 

0 

Laboar  for  burning 

..     1 

0 

0 

Cartage  of  charcoal  to  works 

..     3 

0 

0 

Depreciation  and  up-keep  of  kiln    . 

..     1 

0 

0 

Total 

..  15 

0 

0 

In  addition,  the  question  of  using  light  surface  tram- 
ways instead  of  country  carts  would  have  to  be  con- 
sidered and  this  would  considerably  reduce  the  transport 
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charges  per  ton  mile  both  for  wood  and  charcoal.  On 
the  other  hand,  in  using  a  tramway  profitably  longer  dis- 
tances would  be  traversed,  especially  in  the  case  of  the 
more  permanent  kiln,  so  that  the  final  result  would 
probably  be  more  a  question  of  convenience  than  of  re- 
duction of  cost. 

In  the  case  of  a  modern  kiln  the  question  of  recovery 
of  the  by-products  might  come  in.  Mr.  Alfred  Chatterton, 
Director  of  Industrial  and  Technical  Enquiries  to  the 
Government  of  Madras,  in  his  Administration  Report  for 
1907-08,  makes  the  following  statement  with  regard 
to  some  experiments  made  with  casuarina  wood  from 
plantations  on  the  Madras  coast : — 

"  By  the  carbonization  of  12,000  tons  of  wood  in  iron 
retorts  we  expect  to  obtain — 

8,500  tons  of  charcoal  estimated  to  Rs. 

be  worth  ...  ...     70,000 

54,000  gallons  of  wood-spirit  worth  ...     81,000 

540  tons  of  tar  ,.  ...     21,600 

700  tons  of  acetate  of  lime  ...     63,000 


Total  2,35,600 


That  is  to  say,  each  ton  of  wood  will  yield  products 
worth  nearly  Rs.  20  and  as  the  cost  of  growing  the 
timber  is  certainly  less  than  Rs.  5  per  ton  it  will  be  evi- 
dent that  there  is  a  large  margin  for  working  expenses 
and  for  interest  and  depreciation  charges  on  the  capital 
outlay.** 

I  have  also  obtained  the  following  figures  about  the 
Grondal  kiln  which  is  largely  used  in  Sweden  for  prepara- 
tion of  charcoal  with  recovery  of  by-products. 
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Test  made  on  Grondal  kiln  fob  three  months. 

Wood  used, — Sodden  spruce  board  edgings  saturated 
wth  water. 

The  same  edgings  were  used  as  fuel  in  the  gas  pro- 
ducer, the  consumption  being  15  per  cent  of  the  wood 
charged  into  the  kiln. 

Output  of  charcoal, — Amounted  to  74  per  cent  of  the 
^vood  charged,  the  average  output  per  shift  being  2,270 
bushels. 

By-products, — The  average  by-products  recovered  over 
the  three  months  were — 

Raw  turpentine  1*36  gallons  per  cord. 

Thick  tar  2-36 

Tar  oil  65 

Concentrate     289  0  „ 

Contents  oj  coticentrate — 

Acetic  acid  5*46  gallons  per  cord. 

Methyl  alcohol    20 


Test  on  Grondal  kiln  for  48  hours. 

Wood  used. — Spruce  logs,  from  10"  diameter  down- 
wards, not  sufficiently  good  for  saw-mills  and  thoroughly 
wet. 

Fuel  in  producer. — Sodden  spruce  board  edgings,  the 
consumption  being  7  per  cent  of  the  wood  charged  into 
the  kiln. 

Output  of  charcoal. — Amounted  to  85  per  cent  of  the 
wood  charged  or  85  bushels  per  cord. 

By-products — 

Raw  turpentine  1'04  gallons  per  cord 

Thick  tar  2-46 

Tar  oil  13*26 

Concentrate  163*2 


if 


>> 
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The  ooBt  of  labour  (or  this  kiln  was  determined  to  be 
per  bushel  of  charcoal  =  0'205<2. 

If  we  reckon  1  bushel  =  1^  cubic  feet  and  1  cubic  foot 
of  charcoal  =  12  lbs.,  the  labour  works  out  about  30d. 
per  ton.  As  wages  in  Sweden  are  about  3/6  per  shift  as 
against  6<2.  or  Sd.  in  Mysore,  the  estimate  which  I  made 
above  of  Re.  1  per  ton  for  labour  probably  errs  on  the 
high  side. 


It  is  fairly  obvious  that,  if  the  by-prodncts  thus  ob- 
tained have  anything  like  the  value  estimated  by  Mr. 
Chatterton,  that  is  to  say,  if  they  can  be  sold  within 
reasonable  distance  of  the  kiln,  the  cost  of  charcoal  to 
a  company  making  it  for  its  own  nse  would  be  very 
materially  reduced.  As  I  have  no  data  at  hand  to  go 
upon,  I  must  leave  this  possibly  important  point  for  the 
present. 

On  the  whole,  indeAnite  and  unsatisfactory  as  is  the 
information  which  I  have  so  far  been  able  to  obtain, 
there  appear  to  be  sufficient  grounds  for  conviction  that 
in  certain  localities  (such  as  the  Bababudan  Hills)  the 
surrounding  forests  can  without  any  great  difficulty 
furnish  a  constant  supply  of  charcoal  sufficient  for  the 
annual  production  of  100,000  tons  of  smelted  iron  or 
steel  at  a  cost  which  need  not,  I  believe,  exceed  Bs.  15,  or 
20  shillings,  per  ton  and  that  a  considerably  larger  supply 
could  be  obtained  at  a  small  additional  cost  for  transport 
from  forests  further  afield. 

For  a  small  supply  of  some  3,000  to  4,000  tons  of  char- 
coal per  annum  the  cost  need  not,  I  think,  be  appreciably 
higher,  for  though  working  expenses  and  standing  charges 
would  be  increased  transport  charges  would  diminish. 
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III.    THE  SUPPLY  OF  FLUXING  MATERIAL 

AND  ITS  COST. 

Carbonate  of  lime  is  fairly  abundant  in  Mysore,  either 
in  the  form  of  limestones  associated  with  the  Dharwar 
schists  or  in  the  form  of  superficial  deposits  of  lime 
kankar — a  kind  of  nodular  travertine.  So  far  as  I  know, 
there  are  no  large  supphes  of  limestone  anywhere  near 
the  Bababudan  Hills.  Small  deposits  of  kankar  have 
been  found  round  about  Chikmagalur,  but  the  samples 
I  have  seen  do  not  appear  to  be  of  high  quality  and  the 
amount  of  material  available  is  very  limited.  Kankar  is, 
however,  so  widely  distributed  that  it  is  quite  possible  that 
larger  deposits  may  hereafter  be  discovered  in  this  neigh- 
bourhood ;  the  deposits  are  frequently  covered  by  a  thick 
layer  of  soil. 

The  better-known  deposits  of  kankar  occur  in  the 
Mandya  Taluk  of  the  Mysore  District  and  are  about  100 
miles  from  the  Bababudan  Hills.  There  is  no  direct 
railway  communication  between  these  places,  and  the 
material  would  have  to  be  brought  through  Bangalore 
making  a  railway  lead  of  something  over  200  miles. 

The  following  analyses  show  the  character  of  the 
materials  which  can  be  obtained  from  the  Mandya  Taluk. 


Analyses  op  Samples  of  Kankar. 


Number  of  sample 


0/2 10 


Loss  on  ignition 
Silica  (SiOs) 
Phosphorus  (P) 
Sulphur  (S) 


Per  cent 

Per  cent 

4194 

4228 

458 

270 

0002 

0"006 

0039 

0028 

Per  cent 
3200 
2478 
0004 
0*048 


{continued) 


ANALTBI3  OP  Samples  op  Kankar — concld. 


Number  of  sample  i   0/208       O/309       0/31( 


'  Per  cent .  Per  cent  i  Per  oei 


Ferric  oxide  {Fe,0.)  ... 

0-96 

0"65 

1-55 

Alumina  (AiM 

rsi 

076 

4« 

Mangueae  o«ide  (UnO) 

trace 

trace 

Calcium  oxide  (CaO)... 

.     45  60 

5270 

2590 

Magnesia  (MgO)        ... 

.  1     0'38 

1'17 

1046 

Sample  No.  O/20y  conies  from  ^fa^devanhalli  ai 
sample  No.  O/209  comes  from  Malchakanhalli,  both 
which  places  are  within  6  miles  of  the  Yeliynr  Bailwi 
Station.  The  qaality  of  the  kankar  is  very  good  and 
would  make  a  most  excellent  flux.  Unfortunately  the 
particular  deposits  do  not  appear  to  be  very  extensive  ai 
at  present  yield  only  about  20  to  25  tons  a  year  eac 
The  material  is  sold  at  Channapatna  for  the  prep&rati< 
of  high  class  chunam  (burnt  lime)  and  fetches  a  hi^ 
price — about  10  shillings  a  ton— which,  taking  the  loi 
railway  lead  into  consideration,  would  render  it  rath 
expensive  as  flux.  If  a  large  quantity  was  available,  i 
doubt  the  price  would  be  considetably  reduced,  but,  as 
have  said,  this  does  not  appear  to  be  the  case  and  the: 
deposits  may  be  left  out  of  account  as  a  source  of  suppl 

At  Sindlagiri.  and  on  the  banks  of  the  HebhallaBiv€ 
in  the  Mandya  Taluk,  much  larger  quantities  of  kank 
are  to  be  found,  but  unfortunately  the  quality  is  not  go( 
as  ehewn  by  the  analysis  of  sample  No.  0/210,  taken  fro 
Sindlagiri,  and  this  material  must  also  be  passed  over  as 
possible  source  of  supply  at  any  rate  on  any  large  scale 

I  understand  that  large  quantities  of  kankar  of  bett 
quality  are  imported  into  Bangalore  from  Morapur  ai 
Samalpatti  in  the  Salem  District  of  the  Madras  Prei 
dency.     This  material  is  said  to  cost  Be.  1  per  ton  and  tl 
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rail  charge  to  Bangalore  i»  Bs.  BO  for  a  16 -ton  waggon. 
This  makes  the  cost  at  Bangalore  Bs.  3  per  ton,  and  if  a 
farther  Bs.  4  is  added  for  freight  from  Bangalore  to  the 
Bababadans,  it  ought  to  be  possible  to  deliver  the  stuff  at 
the  works  for  Bs.  7,  or  rather  under  10  shillings,  per  ton. 
The  following  are  analyses  of  two  samples.  No.  B/172 
13  from  Samalpatti  and  No.  B/173  is  from  Morapur. 


K/172 
Per  cent 
...     0-87 

R/173 

Per  cent 

0-90 

...  36-82 

35-56 

...     903 

10-93 

...     2-35 

2-. 58 

...     108 

2-43 

...     010 

0-074 

...  45-8.5 

43-82 

...     412 

2-80 

...     0057 

00(51 

...     0015 

005 

Analyses  op  Salem  kankar. 
Number  of  sample 

Moisture  at  100"  C. 
Loss  on  ignition 
Silica  (SiOa)      ... 
Ferric  oxide  (Fe^Oa) 
Alumina  (AI2O3) 
Manganous  oxide  (MnO) 
Calcium  oxide  (CaO) 
Magnesium  oxide  (MgO) 
Sulphuric  acid  (SO3) 
Phosphoric  acid  (PaOs) 

These  materials  are  of  fair  quality,  but  rather  too  high 
in  silica,  a  disadvantage  which  might  perhaps  be  lessened 
by  picking. 

Turning  now  to  the  limestones  of  which  there  are 
numerous  extensive  beds  or  deposits  in  the  State,  the 
nearest  to  the  site  of  the  proposed  smelting  works  at  the 
Bababudan  Hills  are  those  which  occur  close  to  the  edge 
of  the  Chitaldrug  Schist  Belt,  a  little  to  the  east  of  Huli- 
yar.  This  locality  is  not  on  the  railway  and  the  lead  to 
the  nearest  Bailway  Station  (Banavar)  is  about  35  miles 
and  from  there  to  the  works  there  would  be  a  railway  lead 
of  about  35  miles.  Quarrying  the  limestone  would  cost,  I 
think,  not  more  than  2  shillings  per  ton ;  cartage  for  35 
miles  at  3d.  per  ton  mile  comes  to  9  shillings  per  ton  and 
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railage  for  85  miles,  at  }d.  per  ton  mile,  say,  1b.  6d.  per 
ton.  ThJR  makes  a  total  cost  of  12/()  per  ton ;  but  with 
traction  instead  of  country  carts  for  the  road  journey  it 
might  be  reduced  by  several  shillings,  and  I  consider  that 
10  shillings  jtev  ton  will  be  an  ample  allowance  for  large 
quantities  and  will  permit  of  the  exploitation  of  some 
other  beds  rather  farther  off  and  a  certain  amount  of 
selection  of  material. 

The  material  is  rather  variable  in  character  and  is  some- 
times rather  siliceous.  The  following  analysis  (sample 
No.  R.  117)  is  from  a  bed  near  Huliyar  of  which  there  is 
a  large  quantity  available. 

Analysis  op  limestone  No.  R.  117 


4062     per  cent. 
6-49 
00014 
0035 
1-77 
0-18 


Loss  on  ignition 

Silica  (SiOa) 

Phosphorus  (P) 

Sulphur  (S) 

Ferric  oxide  (Fe^Oa) 

Alumina  (Al^Og) 

Manganese  oxide  (MnO)  =  106 

Calcium  oxide  (CaO)         - -47-93 

Magnesia  (MgO)  -    2*89 

The  percentage  of  silicA  is  rather  higher  than  desirable, 
but  in  other  respects  the  composition  is  favourable,  and  on 
the  whole  this  material  should  prove  a  satisfactory  flux. 
Without  going  further  into  the  matter,  I  shall  take  it 
that  flux  of  this  character  is  available  in  abundance  and 
that  it  need  not  cost  more  than  10  shillings  per  ton  at 
the  works. 
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IV.   CRUSHING,  MAGNETIC  CONCENTRATION 

AND  BRICQUETTING. 

Crushing. — It  may  be  regarded  as  one  of  the  essential 
features  of  the  Stassano  process  that  the  ore  must  he 
crushed  in  order  that  it  may  be  thoroughly  mixed  with 
the  reducing  carbon. 

In  other  furnaces,  such  as  the  Heroult,  Keller,  Girod, 
Scott- Anderson,  etc.,  which  are  more  or  less  shaft  furnaces 
and  in  which  heat  is  generated  at  the  bottom  of  the  charge 
of  ore  and  carbon,  it  is  possible  to  avoid  the  fine-crushing 
and  bricquetting  and  to  use  the  ore  and  carbon  in  small 
lumps.  Doubtless  in  these  cases  the  reduction  of  the  ore 
is  due  partly  to  the  action  of  CO  produced  in  the  hotter 
part  of  the  furnace  by  reaction  between  ore  (possibly 
more  or  less  molten  or  viscous)  and  solid  carbon.  Even 
in  such  furnaces  it  is  a  question  whether  the  efficiency  of 
the  process  would  not  be  improved  by  the  bricquetting  of 
ore  and  carbon  in  a  fine  state  of  division. 

In  the  Stassano  furnace,  however,  owing  to  the  com- 
paratively thin  layer  of  charge  on  the  hearth,  heated  from 
above,  the  greater  portion  of  the  CO  produced  must  escape 
at  once  without  helping  to  reduce  ore,  and  the  reduction 
must  be  due  almost  entirelv  to  the  interaction  of  solid 
(or  viscous)  ore  and  solid  carbon,  and  the  rate  of  smelting 
must  depend  very  largely  on  the  intimacy  of  the  contact 
between  the  two  or,  in  other  words,  on  the  fineness  of 
comminution  and  uniformity  of  mixture. 

Ores  which  are  of  such  a  nature  as  to  require  concen- 
tration have  to  be  crushed  and  probably  bricquetted,  no 
matter  which  type  of  furnace  is  used,  but  in  the  case  of 
ores  which  do  not  need  concentration  a  furnace  which 
does  not  require  the  ore  and  carbon  to  be  intimately 
associated  in  the  form  of  bricquettes  may  possibly  have 
some  advantage  over  one  which  does.  So  far  as  I  am 
aware,  the  products  of   the   two   types  of  furnace  are 
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efiAentially  different ;  in  the  one  case  (nhaft  fomaoes)  pig 
iron  is  produced  and  in  the  Stassano  furnace  steel  is  pro- 
duced, and  I  am  not  prepared  at  present  to  enter  into  a 
discussion  of  the  comparative  merits  of  these  two  sys- 
tems of  working,  for  which  I  do  not  think  sufficient  data 
are  vet  available. 

I  will  therefore  discuss  the  question  of  cnishing  both 
for  ores  which  require  concentration  and  for  those  which 
do  not. 

I  am  indebted  to  the  Edison  Ore  Milling  Syndicate, 
Ld.,  and  the  Grondal  Kjellin  Co.,  Ld.,  for  the  following 
figures  as  to  cost  of  plant  required  and  working  costs  for 
the  crushing,  concentration  and  bricquetting  of  iron  ores, 
and  I  have  discussed  the  question  personally  with  the 
London  branches  of  these  firms. 

I.    Edison  Ore  Milling  Syndicate. 

Plant  to  crush,  separate  and  bricquette  30,000  tons  of 

crude  iron  ore — say  100  tons  per  day  of  10  hours. 

4- 
1  Gyratory  or  jaw  crusher  to  reduce 

the  material  to  f '^  or  less  . . .     850 

1  Botary  dryer  to  take  out  the  moisture 
in  the  crude  material  as  crushed — 
say  an  average  of  5  [)er  cent         ...     450 

1   Set  of  IW  by  6"  Edison  fine-crushing 

rolls  with  belts  and  bins  ...  1,200 

1  Set  of  two  vibrating  screens  ...     225 

8  Sets  of  Edison  magnetite  magnets  . . .     700 

1  Bricquetting  machine  with  the  neces- 
sary tanks  for  preparing  the  binders, 
mixers,  etc.      ...  ...  ...     750 

1  Engine  and  boiler  of  200  h.p.  ...  1,100 

1  Generator  of  sufficient  capacity  to  sa- 
turate magnets  ...  ...     225 

All  necessary  shafting,  pulleys,  belts,  etc.     225 
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£ 
Conveyors  and  elevators        . .  ...     900 

Contingencies  ...  ...     250 

Total  at  English  port         ...  6,275 

Say  roughly       ...i>7, 000  in  India, 

of  which  dE4,000  may  be  allocated  to  crushing, 

£1,500  do  to  concentrating  and 

£1,500  do  to  bricquetting. 

From  figures  obtained  and  making  the  necessary  allow- 
ances for  costs  of  material  and  labour  in  India,  I  get  the 
following  estimates  of  working  costs : — 

Crushing, — (30,000  tons  per  year  or  100  tons  per  day 
of  10  hours.) 

Depreciation  and  repairs  of  plant — 

]  5  per  cent  of  £4,000  -£600  ^    4-8d.  per  ton. 

Power  including  fuel  for  dryer  with 

coal  at  25/-per  ton  -8/-per  hour       ^  9*6d.      ,, 
Labour — 

1  Engine  driver  at...  16  pence  per  day  (in  Mysore) 

1  Fireman  ...10      „  „ 

1  man  for  crusher  .. .  8      „  „ 

1         „        dryer     ...  8 

1         „        rolls       ...  8 


19  It 

X         ,,        exbra     ...  o      ,,  ,, 


Total     ...  58  pence  per  day     0'  58d.  per  ton 
Renewal  of  plates  in  crusher  and  rolls. . .     200d.      „ 
Sundries  ...  ...  ...     I'OOd. 


Total         ...17'98d. 

Say         ...       18d.        „ 

The  firm  calculates  16  pence  per  ton  with  Em'opean 
labour  and  fuel,  and  it  is  obvious  that  the  price  of  fuel  in 
Mysore  more   than   counterbalances  the  cheap  labour. 
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charges  per  ton  mile  both  for  wood  and  charcoal.  On 
the  other  hand,  in  using  a  tramway  profitably  longer  dis- 
tances would  be  traversed,  especially  in  the  case  of  the 
more  permanent  kiln,  so  that  the  final  result  would 
probably  be  more  a  question  of  convenience  than  of  re- 
duction of  cost. 

In  the  case  of  a  modern  kiln  the  question  of  recovery 
of  the  by-products  might  come  in.  Mr.  Alfred  Chatterton, 
Director  of  Industrial  and  Technical  Enquiries  to  the 
Government  of  Madras,  in  his  Administration  Report  for 
1907-08,  makes  the  following  statement  with  regard 
to  some  experiments  made  with  casuarina  wood  from 
plantations  on  the  Madras  coast : — 

"  By  the  carbonization  of  12,000  tons  of  wood  in  iron 
retorts  we  expect  to  obtain — 

8,500  tons  of  charcoal  estimated  to  Bs. 

be  worth  ...  ...     70,000 

54,000  gallons  of  wood-spirit  worth  ...     81,000 

540  tons  of  tar  ..  ...     21,600 

700  tons  of  acetate  of  lime  . . .     63,000 


Total  2,35,600 


That  is  to  say,  each  ton  of  wood  will  yield  products 
worth  nearly  Rs.  20  and  as  the  cost  of  growing  the 
timber  is  certainly  less  than  Rs.  5  per  ton  it  will  be  evi- 
dent that  there  is  a  large  margin  for  working  expenses 
and  for  interest  and  depreciation  charges  on  the  capital 
outlay.*' 

I  have  also  obtained  the  following  figures  about  the 
Grondal  kiln  which  is  largely  used  in  Sweden  for  prepara- 
tion of  charcoal  with  recovery  of  by-products. 
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Test  made  on  Gkondal  kiln  fob  three  months. 

Wood  used. — Sodden  spruce  board  edgings  saturated 
with  water. 

The  same  edgings  were  used  as  fuel  in  the  gas  pro- 
ducer, the  consumption  being  16  per  cent  of  the  wood 
charged  into  the  kiln. 

Output  of  charcoal. — Amounted  to  74  per  cent  of  the 
wood  charged,  the  average  output  per  shift  being  2,270 
bushels. 

By-products, — The  average  by-products  recovered  over 
the  three  months  were — 

Raw  turpentine  1*36  gallons  per  cord. 

Thick  tar  236 

Tar  oil  65 

Concentrate     289  0  „ 

Contents  oj  coticentrate — 

Acetic  acid  5*46  gallons  per  cord. 

Methyl  alcohol    20  „ 


Test  on  Grondal  kiln  for  48  hours. 

Wood  used. — Spruce  logs,  from  10"  diameter  down- 
wards, not  sufficiently  good  for  saw-mills  and  thoroughly 
wet. 

Fuel  in  producer. — Sodden  spruce  board  edgings,  the 
consumption  being  7  per  cent  of  the  wood  charged  into 
the  kiln. 

Output  of  charcoal. — Amounted  to  85  per  cent  of  the 
wood  charged  or  85  bushels  per  cord. 

By-products — 

Raw  turpentine  1'04  gallons  per  cord 

Thick  tar  246 

Tar  oil  13-26 

Concentrate  163*2                „ 
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The  ooBt  of  labour  for  this  kiln  was  determined  to  be 
per  bushel  of  charcoal  =  0'205<2. 

If  we  reckon  1  bushel  =  1^  cubic  feet  and  1  cubic  foot 
of  charcoal  =  12  lbs.,  the  labour  works  out  about  90d, 
per  ton.  As  wages  in  Sweden  are  about  3/6  per  shift  u 
against  6d.  or  Sd,  in  Mysore,  the  estimate  which  I  made 
above  of  Re.  1  per  ton  for  labour  probably  errs  on  the 
high  side. 


It  is  fairly  obvious  that,  if  the  by-products  thus  ob- 
tained have  anything  like  the  value  estimated  by  Mr. 
Chatterton,  that  is  to  say,  if  they  can  be  sold  within 
reasonable  distance  of  the  kiln,  the  cost  of  charcoal  to 
a  company  making  it  for  its  own  use  would  be  very 
materially  reduced.  As  I  have  no  data  at  hand  to  go 
upon,  I  must  leave  this  possibly  important  point  for  the 
present. 

On  the  whole,  indefinite  and  unsatisfactory  as  is  the 
information  which  I  have  so  far  been  able  to  obtain, 
there  appear  to  be  sufficient  grounds  for  conviction  that 
in  certain  localities  (such  as  the  Bababudan  Hills)  the 
surrounding  forests  can  without  any  great  difficulty 
furnish  a  constant  supply  of  charcoal  sufficient  for  the 
annual  production  of  100,000  tons  of  smelted  iron  or 
steel  at  a  cost  which  need  not,  I  believe,  exceed  Rs.  15,  or 
20  shillings,  per  ton  and  that  a  considerably  larger  supply 
could  be  obtained  at  a  small  additional  cost  for  transport 
from  forests  further  afield. 

For  a  small  supply  of  some  3,000  to  4,000  tons  of  char- 
coal per  annum  the  cost  need  not,  I  think,  be  appreciably 
higher,  for  though  working  expenses  and  standing  charges 
would  be  increased  transport  charges  would  diminish. 
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III.    THE  SUPPLY  OF  FLUXING  MATEBIAL 

AND  ITS  COST. 

Carbonate  of  lime  is  fairly  abundant  in  Mysore,  either 
in  the  form  of  limestones  associated  with  the  Dharwar 
schists  or  in  the  form  of  superficial  deposits  of  lime 
kankar — a  kind  of  nodular  travertine.  So  far  as  I  know, 
there  are  no  large  supplies  of  limestone  anywhere  near 
the  Bababudan  Hills.  Small  deposits  of  kankar  have 
been  found  round  about  Chikmagalur,  but  the  samples 
I  have  seen  do  not  appear  to  be  of  high  quality  and  the 
amount  of  material  available  is  very  limited.  Kankar  is, 
however,  so  widely  distributed  that  it  is  quite  possible  that 
larger  deposits  may  hereafter  be  discovered  in  this  neigh- 
bourhood ;  the  deposits  are  frequently  covered  by  a  thick 
layer  of  soil. 

The  better-known  deposits  of  kankar  occur  in  the 
Mandya  Taluk  of  the  Mysore  District  and  are  about  100 
miles  from  the  Bababudan  Hills.  There  is  no  direct 
railway  communication  between  these  places,  and  the 
material  would  have  to  be  brought  through  Bangalore 
making  a  railway  lead  of  something  over  200  miles. 

The  following  analyses  show  the  character  of  the 
materials  which  can  be  obtained  from  the  Mandva  Taluk. 


Analyses  op 

Samples  op  Kankar. 

Number  of 

sample 

) 

0/208 

O/209 

1 

0/2 10 

Per  cent 

Per  cent 

Per  cent 

Loss  on  ignition 

•  •  • 

•  •  • 

41'94        42-28 

3200 

Silica  (SiO,) 

•  •  • 

•  •  • 

4'58 

270 

2478 

Phosphorus  (P) 

•  •  • 

•  •  • 

0002 

0005 

0004 

Sulphur  (8) 

«  «  • 

0039        0028 

0048 

• 

(contim 

led) 
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Analysis  op  Samples  of  Kankar — concld. 


Number  of  sample 

O/208 

O/209 

0/210 

Per  cent 

'  Per  cent  1  Per  cent 

1 

Ferric  oxide  (FejOa)  ... 

096 

0'86 

,      155 

Alumina  (AUOb) 

1'51 

076 

1      4-47 

Manganese  oxide  (MnO) 

trace 

trace 

1                          «  «  « 

Calcium  oxide  (CaO)... 

45'60 

'    5270 

1    25*90 

Magnesia  (MgO) 

038 

117 

i    10*46 

Sample  No.  O/208  comes  from  Mardevanhalli  and 
sample  No.  O/209  comes  from  Malchakanhalli,  both  of 
which  places  are  within  6  miles  of  the  Yeliyur  Railway 
Station.  The  quality  of  the  kankar  is  very  good  and  it 
would  make  a  most  excellent  flux.  Unfortunately  these 
particular  deposits  do  not  appear  to  be  very  extensive  and 
at  present  yield  only  about  20  to  25  tons  a  year  each. 
The  material  is  sold  at  Channapatna  for  the  preparation 
of  high  class  chunam  (burnt  lime)  and  fetches  a  high 
price — about  10  shillings  a  ton — which,  taking  the  long 
railway  lead  into  consideration,  would  render  it  rather 
expensive  as  flux.  If  a  large  quantity  was  available,  no 
doubt  the  price  would  be  considerably  reduced,  but,  as  I 
have  said,  this  does  not  appear  to  be  the  case  and  these 
deposits  may  be  left  out  of  account  as  a  source  of  supply. 

At  Sindlagiri,  and  on  the  banks  of  the  Hebhalla  Biver, 
in  the  Mandya  Taluk,  much  larger  quantities  of  kankar 
are  to  be  found,  but  unfortunately  the  quality  is  not  good 
as  shewn  by  the  analysis  of  sample  No.  O/210,  taken  from 
Sindlagiri,  and  this  material  must  also  be  passed  over  as  a 
possible  source  of  supply  at  any  rate  on  any  large  scale. 

I  understand  that  large  quantities  of  kankar  of  better 
quality  are  imported  into  Bangalore  from  Morapur  and 
Samalpatti  in  the  Salem  District  of  the  Madras  Presi- 
dency.    This  material  is  said  to  cost  Be.  1  per  ton  and  the 


H3 


rail  charge  to  Bangalore  in  Bb.  30  for  a  16 -ton  waggon. 
This  makes  the  cost  at  Bangalore  Bs.  8  per  ton,  and  if  a 
further  Bs.  4  is  added  for  freight  from  Bangalore  to  the 
£ababudans,  it  ought  to  be  possible  to  deliver  the  stuff  at 
tlie  works  for  Bs.  7,  or  rather  under  10  shillings,  per  ton. 
The  following  are  analyses  of  two  samples.  No.  B/172 
is  from  Samalpatti  and  No.  B/173  is  from  Morapur. 


R/172 

R/173 

Per  cent 

Per  cent 

...     0-87 

0-90 

...  36-82 

35-55 

...     903 

10-93 

...     2-35 

2-.'>8 

...     108 

2-43 

...     010 

0074 

...  45-8.5 

43-82 

...     4-12 

2-80 

...     0-057 

0061 

...     0015 

005 

Analyses  of  Salem  kankar. 
Number  of  sample 

Moisture  at  lOO'^  C. 
Loss  on  ignition 
Silica  (SiOs)      ... 
Ferric  oxide  (Fe^O^) 
Alumina  (AI2O3) 
M anganous  oxide  (MnO) 
Calcium  oxide  (CaO) 
Magnesium  oxide  (MgO) 
Sulphuric  acid  (SO3) 
Phosphoric  acid  (PaOs) 

These  materials  are  of  fair  quality,  but  rather  too  high 
in  silica,  a  disadvantage  which  might  perhaps  be  lessened 
by  picking. 

Turning  now  to  the  limestones  of  which  there  are 
numerous  extensive  beds  or  deposits  in  the  State,  the 
nearest  to  the  site  of  the  proposed  smelting  works  at  the 
Bababudan  Hills  are  those  which  occur  close  to  the  edge 
of  the  Chitaldrug  Schist  Belt,  a  little  to  the  east  of  Huli- 
yar.  This  locality  is  not  on  the  railway  and  the  lead  to 
the  nearest  Bailway  Station  (Banavar)  is  about  35  miles 
and  from  there  to  the  works  there  would  be  a  railway  lead 
of  about  35  miles.  Quarrying  the  limestone  would  cost,  I 
think,  not  more  than  2  shillings  per  ton ;  cartage  for  35 
miles  at  3d.  per  ton  mile  comes  to  9  shillings  per  ton  and 
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railage  for  35  miles,  at  ii,  per  ton  mile,  say,  Is.  6d.  per 
ton.  This  makes  a  total  cost  of  12/0  per  ton ;  bat  with 
traction  instead  of  country  carts  for  the  road  journey  it 
might  be  reduced  by  several  shillings,  and  I  consider  that 
10  shillings  per  ton  will  be  an  ample  allowance  for  large 
quantities  and  will  permit  of  the  exploitation  of  Rome 
other  beds  rather  farther  off  and  a  certain  amount  of 
selection  of  material. 

The  material  is  rather  variable  in  character  and  is  some- 
times rather  siliceous.  The  following  analysis  (sample 
No.  R.  117)  is  from  a  bed  near  Huliyar  of  which  there  is 
a  large  quantity  available. 

Analysis  op  limestone  No.  R.  117 

Loss  on  ignition  -  40*62     per  cent. 
Silica  (SiOa)  549 

Phosphorus  (P)  -  0001 4 

Sulphur  (S)  -    0035 

Ferric  oxide  (FcjOs)  -   177 
Alumina  (Al^Os)  018 

Manganese  oxide  (MnO)  =  1*06 

Calcium  oxide  (CaO)  -47'93 

Magnesia  (MgO)  -    2*89 

The  percentage  of  silica  is  rather  higher  than  desirable, 
but  in  other  res^jects  the  composition  is  favourable,  and  on 
the  whole  this  material  should  prove  a  satisfactory  flux. 
Without  going  further  into  the  matter,  I  shall  take  it 
that  flux  of  this  character  is  available  in  abundance  and 
that  it  need  not  cost  more  than  10  shillings  per  ton  at 
the  works. 


It 
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IV.   CBUSHING,  MAGNETIC  CONCENTRATION 

AND  BRICQUETTING. 

Crfishing. — It  may  be  regarded  as  one  of  the  essential 
features  of  the  Stassano  process  that  the  ore  must  be 
crushed  in  order  that  it  may  be  thoroughly  mixed  with 
the  reducing  carbon. 

In  other  furnaces,  such  as  the  Heroult,  Keller,  Girod, 
Scott- Anderson,  etc.,  which  are  more  or  less  shaft  furnaces 
and  in  which  heat  is  generated  at  the  bottom  of  the  charge 
of  ore  and  carbon,  it  is  possible  to  avoid  the  fine-ci-ushing 
and  bricquetting  and  to  use  the  ore  and  carbon  -in  small 
lumps.  Doubtless  in  these  cases  the  reduction  of  the  ore 
is  due  partly  to  the  action  of  CO  produced  in  the  hotter 
part  of  the  furnace  by  reaction  between  ore  (possibly 
more  or  less  molten  or  viscous)  and  solid  carbon.  Even 
in  such  furnaces  it  is  a  question  whether  the  efficiency  of 
the  process  would  not  be  improved  by  the  bricquetting  of 
ore  and  carbon  in  a  fine  state  of  division. 

In  the  Stassano  furnace,  however,  owing  to  the  com- 
paratively thin  layer  of  charge  on  the  hearth,  heated  from 
above,  the  greater  portion  of  the  CO  produced  must  escape 
at  once  without  helping  to  reduce  ore,  and  the  reduction 
must  be  due  almost  entirely  to  the  interaction  of  solid 
(or  viscous)  ore  and  solid  carbon,  and  the  rate  of  smelting 
must  depend  very  largely  on  the  intimacy  of  the  contact 
between  the  two  or,  in  other  words,  on  the  fineness  of 
comminution  and  uniformity  of  mixture. 

Ores  which  are  of  such  a  nature  as  to  require  concen- 
tration have  to  be  crushed  and  probably  bricquetted,  no 
matter  which  type  of  furnace  is  used,  but  in  the  case  of 
ores  which  do  not  need  concentration  a  furnace  which 
does  not  require  the  ore  and  carbon  to  be  intimately 
associated  in  the  form  of  bricquettes  may  possibly  have 
some  advantage  over  one  which  does.  So  far  as  I  am 
aware,  the  products  of  the   two  types  of  furnace   are 
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Bricquettiko  with  lime. 

It  has  occurred  to  lue,  in  view  of  the  fact  that  the  ore, 
flux  and  charcoal  have  to  be  crushed  and  mixed,  that  it 
might  be  feasible  to  first  calcine  the  limestone  and  use 
the  lime  as  a  binding  material  for  making  the  bricquettes. 
I  tried  some  bricquettes  with  concentrated  magnetite, 
charcoal  and  burnt  lime,  but  thev  did  not  cohere  very 
well.  No  pressure  was  used  as  I  had  no  press  and  I 
found  that  the  lime  was  rather  stale.  Subsequently  I 
tried  some  of  the  haematite  ore  of  the  Bababudans,  which 
I  made  into  balls  with  the  necessary  charcoal  and  freshly 
burnt  lime,  and  these  gave  fairly  satisfactory  results 
although  no  pressure  was  used,  and  it  looks  as  though 
bricquettes  of  this  character  made  in  a  press  would  be 
quite  suitable  for  the  Stassano  furnace.  I  have  made  a 
rough  estimate  of  the  effect  of  such  a  process  on  the  cost 
of  bricquetting. 

For  this  purpose  I  assume  that  the  cost  of  calcining 
the  limestone  before  making  the  bricquettes  is  balanced 
by  the  cost  of  calcining  the  same  limestone  in  the  electric 
furnace  in  the  case  of  the  Edison  bricquettes  made  with 
unburnt  lime  and  a  special  binder.  Probably,  howevei*, 
the  former  would  cost  less,  especially  as  waste  gases  from 
the  furnace  would  be  available  for  the  calcination,  but  on 
the  other  hand,  the  bricquettes  when  wetted  would  take 
up  not  only  moisture  but  also  some  COg  which  would 
have  to  be  again  driven  off  in  the  fm-nace  so  that  the 
assumption  may  not  be  very  incorrect  on  the  whole. 

We  have  then  to  consider  in  the  case  of  bricquettes 
made  with  limestone  and  the  Edison  binder — 

(1)  the  heat  required  to  convert  the  CO.2    of  the 

limestone  to  CO, 

(2)  the  amount  of  carbon  necessary  to  convert  one 

molecule  of  O,  set  free  from  the  CO3,  to  CO, 
and 

(3)  the  cost  of  the  special  binder. 
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On  the  other  side  there  will  be  the  heat  required  to 
dehydrate  the  Ca  (OH)a  formed  when  making  the  bric- 
quettes  from  burnt  lime. 

The  heat  required  to  drive  off  moisture  and  any  COa 
ivhich  may  combine  with  the  CaO,  I  have  allowed  for  in 
my  original  assumption. 

Assuming  a  fairly  rich  ore  with  63  ]>ev  cent  of  Fe  and 
allowing  about  6  per  cent  loss  in  the  slag,  we  require  1,700 
Kg.  of  ore  to  produce  1,000  Kg.  (1  ton)  of  steel. 

The  ore  will  require  about  12  per  cent,  say  200  Kg.,  of 
CaCOa  for  fluxing  purposes,  and  this,  if  bricquetted  with 
the  ore,  will  contain  88  Kg.  of  CO^  or  24  Kg.  of  C. 

This  COa  will  be  reduced  in  the  furnace  to  CO  and  for 
each  Kg.  of  C  contained  will  absorb  5,600  calories,  whil^ 
the  0  set  free  will  combine  with  1  Kg.  of  C  (from  the 
charcoal)  giving  rise  to  2,400  calories. 

The  difference,  viz,,  3,200  calories,  represents  the  heat 
required  for  reduction  of  COa  ^  00  per  Kg.  of  carlx)n  in 
the  COa  to  which  must  be  added  the  cost  of  1  Kg.  of  C  for 
combining  with  the  oxygen. 

The  cost  of  this  reduction  in  the  furnace  for  the  200  Kg. 
of  CaCOg  is  therefore  24x3,200=76,800  calories +the 
cost  of  24  Kg.  of  carbon. 

For  the  other  process,  in  which  the  limestone  is  calcined 
before  bricquetting,  the  200  Kg.  of  CaCOg  gives  when 
calcined  112  Kg.  of  CaO,  which,  I  assume,  all  combines 
with  water  to  form  Ca  (OH)a  and  which  will  have  to  be 
dehydrated  in  the  furnace. 

The  heat  of  hydration  of  1  Kg.  of  CaO  is  about  278 
calories;  consequently  112x278=31,136  calories  must 
be  supplied  in  the  furnace. 

The  difference  in  the  heat  requirements  in  the  two 
cases  is  76,800—31,136=45,664  calories  in  favour  of 
using  burnt  lime  as  a  binder. 

45,664  calories  represent  53  K.  W.  hours  of  energy 
supplied  by  the  furnace  or,  if  we  take  the  thermal 
efficiency  of  the  furnace  at  70  per  cent,  an  expenditure 
of  76  K,  W.  hours. 
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If  we  take  the  cost  of  1  E.  W.  hoar  as  010  pence 
(about  4*3  per  h.p.  year),  a  figure  which  could  ven* 
reasonably  be  expected  in  Mysore,  this  means  a  saving  of 
7*6  pence  per  ton  of  steel,  to  which  must  be  added  the 
cost  of  24  Kg.  of  carbon  consumed  in  the  reduction  of 
COi  to  CO,  or  say  another  6  i^ence. 

In  addition,  there  will  be  the  saving  of  the  8i)ecial  Edison 
binder  and  its  preparation,  which  may  be  put  at,  at  least, 
l/-per  ton  of  bricquettes  or  2/4  per  ton  of  steel  and  [ler- 
haps  more. 

On  these  assumptions  the  saving  in  using  burnt  lime 
as  a  binder  comes  to  7*Cd.-f  6d.+2/4  or  a  total  of  about 
3/G  per  ton  of  steel. 

Without  placing  too  much  reliance  on  these  figures  it 
looks  as  though  the  process  I  have  suggested  would  be 
quite  worth  a  trial  both  on  the  score  of  expense  and  of 
convenience. 
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v.— THE  SUPPLY  OF  ELECTRICAL  ENERGY 

AND  ITS  COST. 

The  first  point  for  consideration  is  the  amount  of 
energy  likely  to  be  required,  after  which  the  possibility  of 
obtaining  such  a  supply  and  the  cost  of  obtaining  it  will 
be  discussed. 

According  to  the  figures  arrived  at  below  (see  pages 
105 — 11)  the  production  of  one  ton  of  steel  requires  the 
expenditure  of  some  2,500  K.  W.  hours  of  energy  supplied 
electrically.  During  the  progress  of  the  operation  about 
960  Kg.  of  CO  are  produced  per  ton  of  steel,  which, 
without  taking  into  account  the  sensible  heat  of  the  gas 
issuing  from  the  furnace,  is  capable  of  yielding  2,304,000 
calories  on  combustion  to  CO2.  It  is  obvious  that  this  gas 
can  be  utilized,  if  necessary,  for  development  of  power, 
and  I  will  make  an  attempt  to  estimate  the  probable 
amount  of  energy  which  can  be  obtained.  In  order  to  do 
so  I  have  to  rely  on  rather  indirect  evidence. 

Modem  suction-gas  plants  using  charcoal  are  said  to 
produce  1  b.  h.  p.  for  a  consumption  of  0'851b8.  (0*4  Kg.) 
of  charcoal.  If  we  consider  that  all  of  this  charcoal  is 
converted  to  CO  in  the  producer,  the  weight  of  CO  used 
per  b.h.p.  is  0*933  Kg.  In  the  waste  gases  from  the 
electric  furnace  we  have  960  Kg.  of  CO  produced  per  ton 
of  steel  and  this  ought,  on  the  above  basis,  to  furnish 
approximately  1,000  b.h.p.  by  means  of  a  gas  engine. 

In  large  modern  gas  engine  plants  it  is  considered  that 
about  30  per  cent  of  the  calorific  value  of  the  gas  can  be 
converted  to  power.  This  figure  is  recorded  in  connec- 
tion with  the  use  of  coal  gas  or  producer  gas  and  does  not 
afford  direct  evidence  to  the  results  which  would  be 
obtained  with  a  gas  which  is  almost  entirely  CO.  Results 
with  the  latter  would  be,  I  should  think,  if  anything, 
more  favourable.  However,  accepting  the  30  per  cent 
basis,  and  taking  2,304,000  calories  as  the  value  of  the 
gas  produced  per  ton  of  steel,  we  get — 
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691»200  calories  converted  into  power,  which,  aR  1 
Cal. =0*00156  h.p.  hour,  gives  us  1,078  h.p.  hours  per 
ton  of  steel,  a  figure  which  agrees  with  the  previous 
determination. 

In  a  large  plant  of  over  14,000  h.p.  recently  erected 
by  the  Eschweiler  Mining  Company  at  Alsdorf,  Aix-la- 
Chai)elle,  for  utilizing  the  gas  from  coke  ovens,  a  series  of 
tests  showed  that  some  C,8G5  B.  T.  U.  were  consumed 
per  I.  h.p.  hour,  or  about  1,716  calories.  Dividing  the 
2,tS04,000  calories  available  by  this  figure  will  give  ns 
1,840  I,  h.p.  hotim  available  per  ton  of  steel. 

All  these  results  are  fairly  consistent  and  go  to  sho^r 
that  for  each  ton  of  steel  produced  in  the  electric  furnace 
the  waste  gases  evolved  are  capable  of  furnishing  about 
1,000  h.p.  hours,  or  745  K.  W.  hours,  of  energ>'. 

As  it  will  probably  be  advantageous  to  use  some  of  the 
gas  directly  for  the  purpose  of  drying  and  dehydrating 
the  ore,  we  may  assume  that  we  have  about  500  K.  W. 
hours  available  for  smelting  purposes. 

If  then  2,500  K.  W.  hours  are  required  per  ton  of  steel, 
the  amount  which  will  have  to  be  supplied  by  water 
power  will  be  2,000  K.  W.  hours. 

For  a  plant  producing  10,000  tons  of  steel  per  annum 
20,000,000  K.  W.  hours  will  be  required  and,  allowing 
only  7,000  working  hours  per  year,  the  plant  necessary 
would  have  to  have  a  capacity  of  some  3,000  K.  W.,  or 
say  4,000  h.p.,  to  be  derived  from  water  power. 

For  a  plant  producing  100,000  tons  of  steel  per  annum 
we  may  take  it  that  water  power  would  be  required  to 
furnish  some  85,000  h.p.  for  smelting  purposes,  allow- 
ing a  better  load  factor  than  in  the  case  of  the  smaller 
plant.  We  must  next  consider  whether  such  an  amount 
of  power  is  available  or  can  be  obtained  in  the  Mysore 
State. 

For  many  years  past  popular  imagination  has  been 
wont  to  run  riot  over  the  vast  amounts  of  cheap  power 
which  are  allowed  to  run  to  waste  in  Mysore,  but  although 
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it  must  be  admitted  that  in  times  of  flood  several  water- 
falls are  capable  of  furnishing  large  amounts  of  power,  it 
is  quite  clear  that  in  the  drier  months  of  the  year  the 
power  available  is  comparatively  small  and  the  cost  of 
harnessing  and  transmitting  it  by  no  means  inconsider- 
able. The  principal  falls  to  which  public  attention  has 
from  time  to  time  been  drawn  are — 

the  Gersoppa  Falls  in  the  north-west  corner  of  the 
State, 

the  Cauvery  Falls  at  Bivasamudram, 

the  Hoskan  and  Kattehole  Falls  on  the  Bababndan 
Hills. 

The  Germppa  Falh  are  about  900  feet  in  height  and 
for  a  power  scheme  probably  over  1,000  feet  could  he 
obtained.  In  the  drier  months  of  the  year  there  is  com- 
paratively little  water  in  the  river,  but  I  have  no  infor- 
mation as  to  the  actual  quantity.  I  have  seen  the  falls 
in  the  dry  weather  and  doubt  if  more  than  10,000  h.p. 
could  he  obtained  throughout  the  year.  This  source  may, 
however,  be  left  out  of  consideration,  for  the  present  at 
least,  as  the  water  rights  belong  partly  to  the  Government 
of  Bomlmy  and  further  the  Government  of  India  have, 
I  understand,  a  sentimental  objection  to  the  use  of  the 
falls  for  power  purposes. 

The  Hoskan  a'nd  Kattehole  Falls  have  naturally  attract- 
ed attention  owing  to  their  situation  on  the  Bababndan 
Hills  in  the  midst  of  the  iron  ores,  and  extraordinary 
estimates  of  the  power  available  amounting  to  hundreds 
of  thousands  of  horse-power  have  been  put  forward. 

While  investigating  the  iron  ores  I  had  a  look  at  these 
falls  in  company  with  Captain  Dawes,  B.E.,  Deputy 
Chief  Engineer  in  Mysore,  and  the  conclusion  we  arrived 
at  was  that  neither  fall  was  of  any  practical  importance 
whatever.  The  quantity  of  water  in  the  dry  weather  is 
very  small  and  owing  to  the  narrowness  and  steepness  of 
the  stream  valleys  there  is  little  scope  for  storage.     The 
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HoBkan  Fall  might  furnish  some  200  to  300  h.p.  and 
the  Kattehole  Fall  not  more  than  500  h.p.  throaghoot 
the  year. 

A  t  the  Cautery  FaUs,  there  is  already  a  Power  Scheme 
in  operation  for  the  development  of  some  11,000  h.p. 
all  of  which  is  taken  up  and  some  oi  which  cannot  be 
guaranteed  throughout  the  year.  There  is  obviously  no 
possibility  of  any  further  supply  from  this  source  unless 
storage  reservoirs  are  constructed  for  conserving  some  of 
the  excess  water  which  runs  to  waste  during  the  rainy 
season.  Fortunately  such  storage  works  are  quite 
feasible  and  a  very  comprehensive  scheme  has  been  worked 
out  by  Captain  Dawes  which  is  capable  of  furnishing  a 
constant  supply  of  60,000  h.p.  with  possibilities  of  a 
further  increase. 

The  complete  scheme  involves  the  transference  oi  the 
generating  station  from  the  Cauvery  Falls  to  some  falls 
on  the  Shimsha  River,  where  a  head  of  over  500  feet  can 
be  obtained,  but  even  without  such  transfer  it  is  obvious 
that  the  construction  of  the  storage  reservoir  would 
permit  of  the  Rivasamudram  plant  being  ver}-  largely 
increased  and  the  transfer  to  the  Shimsha  might  be  defer- 
red until  a  larger  supply  of  power  is  actually  required. 

Up  to  the  present  this  scheme  has  not  been  taken  in 
hand,  nor  even,  I  think,  very  seriously  considered,  but  I 
have  heard  of  no  serious  objection  to  it  either  on  the 
financial  or  technical  side.  Undoubtedly  a  considerable 
capital  expenditure  will  l)e  required,  but  taking  into 
account  the  fact  that  a  considerable  proportion  of  the 
energy  which  will  be  made  available  can  be  sold  for  power 
purposes  at  highly  remunerative  rates,  the  scheme  appears 
to  afford  the  State  the  opportunity  of  acquiring  a  very 
valuable  permanent  asset  in  the  shape  of  a  large  perennial 
supply  of  water  for  the  development  of  power.  From 
the  point  of  view  of  electric  smelting  it  is  necessary  that 
the  power  should  be  supplied  at  a  fairly  cheap  rate,  and 
it  is  quite  certain  that  this  cannot  be  done  if  such  power 
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is  to  be  debited  with  interest  charges  on  a  hTg€  capitol 
outlay  for  storage  reservoirs,  hydraulic  works  and  long 
transmission  lines.  If,  therefore,  any  sincflfii^gSx^l^efiile  is 
to  be  run  from  this  power  it  is  necessarY  that;  these 
charges  should  be  debited  elsewhere,  and  at  j^^eienV  thei-<=; 
is  the  opportunity  for  debiting  them  to  the  power  which 
can  be  supplied  to  mines,  factories,  etc.,  at  remunerative 
rates.  As  these  latter  markets  cannot  be  regarded  as 
permanent,  it  will  not  be  sufficient  to  merely  debit  the 
annual  charges  to  them,  but  the  capital  expended  should 
be  as  rapidly  as  possible  written  off  and  finally  wiped  out 
while  the  more  profitable  markets  are  available.  It  is 
obvious  that  for  this  purpose  time  is  of  the  utmost  im- 
portance and  the  sooner  the  scheme  is  put  into  operation 
the  easier  it  will  be  to  secure  this  end  and  the  more 
profitable.  If,  on  the  other  hand,  the  scheme  should  be 
deferred  until  the  more  profitable  markets  have  disap- 
peared or  been  otherwise  supplied,  it  is  quite  certain  that 
it  will  be  impossible  to  secure  a  sufficiently  cheap  supply 
of  energy  for  smelting  or  other  operations  for  which  cheap 
power  is  a  sine  qua  non. 

As  to  the  rate  at  which  electrical  energy  could  be 
supplied  for  smelting  purposes  under  such  a  scheme,  we 
are  hardly  in  a  position,  at  present,  to  assign  a  definite 
limit.  The  present  plant  at  Bivasamudram  and  the 
transmission  lines  to  Kolar  are,  I  understand,  distinctly 
expensive. 

Mr.  H.  P.  Gibbs,  Chief  Electrical  Engineer  to  the  Gov- 
ernment of  Mysore,  informs  me  that  the  cost  of  generat- 
ing at  Bivasamudram  is  at  present  about  £S  per  h.p. 
year,  including  interest  and  depreciation,  and  to  this  must 
be  added  the  cost  of  transmission.  The  cost  of  taking 
the  power  from  Bivasamudram  to  smelting  works  near 
the  Bababudan  Hills,  a  distance  of  about  130  miles,  would 
probably  add  another  £1-10-0,  so  that  on  these  figures  the 
cost  of  energy  at  the  works  would  be  not  less  than  i;4-10-0 
per  h.p.  year.     There  is  little  doubt  that  the  generating 

H  2 
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c^U  of.  i*S  per  h.p.  year  could  be  considerably  reduced, 
arid  sialemQiits,  which  I  must  take  on-  trust,  have  been 

:  -"  '.   puhUshcd;  which  go  to  show  that  in  Canada,  Norway  and 
Italy  j>ow.ercan.^be  generated  at  £2  per  h.p.  j'ear  or  even 

;":  .••lfi«tf.':  J)oiu)nes8  these  are  favourable  cases,  but  it  appears 
to  me  that,  if  the  Cauvery  Reservoir  Project  is  put  through 
and  the  general  capital  charges  are  borne  by  a  portion 
of  the  plant,  then  the  portion  of  the  plant  allotted  for 
smelting  purposes  will  stand  in  a  very  favourable  posi- 
tion indeed  and  we  might  reasonably  expect  to  be  able 
to  supply  energy  at  the  smelting  works  at  Jb'S  per  h.p. 
year,  or  even  less  in  the  future  if  a  fair  amount  of  the 
Cauvery  Power  continues  to  be  disi)osed  of  at  remunera- 
tive rates  for  [xjwer  puri)oses. 

Such  a  figure  as  1*3  per  h.p.  year  does  not,  of  course, 
include  anything  in  the  sha[)e  of  profit  or  remuneration 
to  the  Mysore  State  from  the  sale  of  the  power,  but  it 
must  1)6  remembered  that  the  State  does  not  stand  simply 
in  the  )X)sition  of  a  power-supply  company  or  corporation 
and  has  other  benefits  and  advantages  to  look  forward  to 
in  connection  with  the  development  of  a  permanent  manu- 
facturing industry.  There  are  profits  and  advantages  to 
be  derived  from  royalties  on  ores  and  finished  materials, 
from  the  sale  of  large  quantities  of  charcoal  and  the  open- 
ing up  of  forest  areas  and  exploitation  of  timber,  from 
the  sale  of  ix)wer  for  the  machinery  and  plant  which  will 
be  required  for  treatment  of  the  product  of  the  smelting 
works,  which  power  could  be  sold  at  highly  remunerative 
mtes,  and  finally  the  general  advantages  in  the  shape  of 
employment,  wages,  etc.,  consequent  on  the  development 
of  a  considerable  manufacturing  industry.  Obviously 
such  a  combined  scheme  as  I  have  suggested  is  one 
which  could  be  carried  out  only  by  the  State,  but 
up  to  the  present  there  is  no  indication  as  to  whether  it 
will  be  taken  in  hand  or  not.  It  is  worth  while,  there- 
fore, to  consider  whether  there  are  any  other  sources 
from  which  a  sufficient  supply  of  power  can  be  obtained 
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8LS  an  alternative  or  accessory  scheme  to   that  outlined 
above. 

I  have  already  shown  that  the  Hoskan  and  Kattehole 
Water  Falls  are  practically  unimportant,  but  I  have  re- 
ceived some  very  encouraging  information  from  Captain 
Dawes  as  to  the  possibiHty  of  developing  power  in  other 
portions  of  the  Kadur  District  which  he  has  recently 
inspected  and  which  are  not  very  far  removed  from  the 
iron  ores  of  the  Bababudans.     One   of    these   projects 
consists  in  bunding  the  water  of  the  upper  Somavahini 
valley  in  the  neighbourhood  of  Malandur  and  taking  the 
water  along  the  sides  of  the  valley  in  a  pipe  to  a  point 
above  Muthodi  where  a  fall  of  about  700  feet  can  be 
obtained.     Captain  Dawes  estimates  that  this  would  give 
about  5,000  h.p.  and  that  the  capital  expenditure  would 
not  be  very  large  so  that  in  all  probability  the  power  would 
not  cost  more  than  from  i.*y  to  Jb*4  per  h.p.  year  delivered 
at  the  smelting  works  which  would  be  not  more  than  15 
miles  away. 

Further  down  the  stream  there  is  a  gorge  near  Hebbe, 
where  the  river  passes  out  of  the  Jagar  valley,  and  here 
Captain  Dawes  estimates  that  a  bund  might  be  construct- 
ed which  would  give  an  additional  20,000  h.p.  at  even 
less  cost  than  the  previous  scheme.  It  would  not,  how- 
ever, be  advisable  to  take  the  cost  at  less  than  .i'3  per  h.p. 
year.  This  power  would  also  be  within  15  miles  of  the 
smelting  works. 

We  have  thus  the  possibility  of  obtaining  at  least 
25,000  h.p.  at  a  moderate  cost  within  a  short  distance 
of  the  works.  Some  other  sites  on  the  Western  Ghats 
have  also  been  noted  by  Captain  Dawes  where  fm-ther 
supplies  could  be  obtained,  if  necessary,  up  to  some  20,000 
h.p.  at  the  expense  of  a  longer  lead,  say  some  35  miles, 
and  for  which  the  cost  might  be  put  down  at  .1*4  per  h.p. 
year  on  the  average.  As  some  of  this  additional  power 
•would  be  required  for  power  purposes  for  which  a  much 
higher  charge  would  be  justifiable,  it  seems  to  me  that  au 


104 

all-round  estimate  of  £3  per  h.p.  year  for  the  energy 
required  for  the  smelting  plant  is  not  unwarrantably  low 
and  in  the  subsequent  calculations  of  working  costs  I  have 
adopted  this  figure. 


I 
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VI.  THE  COST  OF  SMELTING. 
A — Energy  bequibed  to  smelt  1  ton  of  steel. 

In  Trial  A  the  current  was  supplied  to  the  furnace  for 
altogether  4'75  hours  for  a  calculated  output  of  97  Eg. 
of  steel  which  is  equivalent  to  48'9  hours  per  ton. 

The  power  of  the  furnace  was,  as  I  have  shown,  approxi- 
mately 163*5  K.  W.  and  for  48'9  hours  this  means  a 
consumption  of  energy  equal  to — 

8^996  K,  W.  hours  per  ton  of  steel. 

In  Trial  B  the  current  was  rather  variable  and  we 
may  take  it  that  on  the  average  it  was  750  amperes  for 
6^  hours  and  550  amperes  for  1  hour.  This  works  out 
at  a  total  of  1,298  E.  W.  hours  for  a  calculated  output  of 
200  Eg.  or 

6^490  K.  W.  hours  per  ton  of  steel. 

These  figures  are  not  of  much  value  as  direct  evidence. 
In  the  first  trial  the  furnace  was  working  much  below  its 
full  capacity  and  this  is  indicated  by  the  larger  consump- 
tion of  energy.  Even  in  the  second  trial  the  furnace 
was  not,  in  my  opinion,  working  up  to  its  full  capacity. 

As  regards  the  consumption  of  energy,  however,  the 
most  important  factor  is  the  grade  of  the  ore  being  smelted, 
and  the  ore  used  in  the  trials  was  of  low  grade.  There 
was  a  great  deal  of  slag  to  be  formed  and  melted,  and  with 
finely  crushed  and  bricquetted  material  I  should  judge 
that  the  actual  reduction  of  ore  was  of  much  less  impor- 
tance, as  regards  time,  than  the  melting  of  the  various 
materials.  In  other  words,  I  incline  to  the  belief  that 
with  the  same  weight  of  bricquette  made  from  rich  ore 
the  output  would  have  been  almost  proportionally 
increased  without  any  increase  in  the  time  of  the  whole 
operation. 

This  view  is  rather  confirmed  bv  the  results  of  Stas- 
sano's  experiments  at  Darfo  on  the  rich  ore  of  Elba. 
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Taking  the  various  amounts  of  steel  produced  in  thoee 
experiments  and  the  energy  consumed,  we  get  the  follow- 
ing tigm*es : — 


K, 

W.  Honre 

per 

ton  of  steel. 

Expcriiueut    A 

4.411 

B 

5,615 

c 

4,909 

D 

3,632 

E 

3.156 

The  Elba  ore  contains  93  per  cent  Fe^Os,  and  if  this  is 
made  into  briccjuettes  of  the  following  comix^sition,  viz. — 

Ore  ...    100  parts 

Charcoal  ...      24      „ 

Limestone        ...      12*5   „ 

the  bric(|uettett  will  contain  47*7  per  cent  Fe.  If  800  Kg. 
of  these  bric<iuettes  were  smelted  in  the  same  furnace  as 
used  for  Trial  B  (Turin),  the  bricquettes  would  contain 
SBl'G  Kg.  of  Fe;  and  allowing  6  per  cent  loss  in  the  slag, 
the  operation  would  yield  some  358*7  Kg.  of  steel  as 
against  the  200  Kg.  obtained  in  Trial  B  from  bricquettes 
containing  only  28*79  per  cent  Fe. 

Assuming  for  the  sake  of  argument  that  the  smelting 
operation  takes  the  same  time  in  the  case  of  each  of 
these  ores,  the  consumption  of  energy  in  Trial  B,  viz., 
0,490  K.  W.  hours,  would  be  reduced  in  the  ratio  of 

3?^^  in  the  case  of  the  Elba  ore. 

In  other  words,  the  consumption  in  the  latter  case 

would  be  ^^^^^f^=8,61^   K,    W,  hours  per  ton  of  steel, 

a  figure  which  agrees  with  the  more  favourable  of  the 
Darfo  experiments. 

If  the  ore  used  contained  only  00  per  cent  Fe  and  similar 
bricquettes  were  used,  the  latter  would  contain  43*95  per 
cent  Fe,  800  Kg.  of  these  bricquettes  would  contain 
351*0  Kg,  of  Fe  and  allowing  7  per  cent  loss  in  the  slag. 
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the  yiald  would  l)e  327  Kg.  of  steel,  which  on  the  same 
assumption  as  before  would  mean — 

3,969  K,  W,  hours  per  ton  of  steel. 

The  foregoing  estimates,  which  on  the  whole  agree  with 
the  Darfo  figures,  are,  in  my  opinion,  based  on  fairly  tea- 
sonable  assumptions,  and  the  consumption  of  energy 
ought  to  be  capable  of  considerable  reduction  by  the  use 
of  larger  furnaces  worked  to  their  full  capacity.  For  the 
purpose  of  arriving  at  a  minimum  limit  I  have  worked  out 
the  following  example  of  the  actual  heat  requii*ed  for 
smelting  a  fairly  rich  ore  such  as  could  be  readily  ob- 
tained in  quantity  from  the  Bababudan  Hills  without  any 
preliminary  treatment.  It  will  be  seen  that  the  ore 
collected  does  not  represent  the  best  that  might  be 
obtained : 

I  assume  that  the  dried  ore  has  the  following  com- 
position : — 

Combined  water      =     6*00  per  cent. 

FeA  85*70       „         Fe=60  % 

AlaOg  5-50 

MgO  0-40 

CaO  010 

SiOg  -     200 

Difference  -      030 
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The  Liniestofie  used  for  flux  contains — 

40  per  cent  of  CO3  and  60  per  cent  of  slag-forming 
material. 
The  Charcoal  contains — 

90  per  cent  C  and  5  per  cent  slag-forming  material. 
Further,  I  assume  a  loss  of  7  per  cent  of  the  iron  which 
makes  the  final  yield  of  metal,  which  may  be  regarded  as 
steel,  55'8  Kg.  per  100  Kg.  of  ore.  The  metal  lost  in 
slag  amounts  to  4*2  Kg.  and  adds  5'4  Kg.  of  FeO  to  the 
slag  per  100  Kg.  of  ore.     As  the  bricquettes  are  made  up 
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wet  and  only  partially  dried,  I  estimate  that  they  contain 
5  per  cent  of  moisture. 

The  following  will  be  approximately  the  composition 
of  the  bricquettes  : — 

Ore  ...  100  Kg. 

Charcoal  ...  24    „ 

Limestone  ...  12*5  „ 

Moisture  ...  7*0  „ 

To  obtain  1  ton  (1,000  Kg.)  of  steel  the  above  quanti- 
ties must  be  multiplied  by  17*92.  8o  the  weights  of 
materials  charged  will  be — 

Ore  ...  1,792  Kg. 

Charcoal  ...     430    „ 

Limestone  ...     224 

Moisture  ...     125 

The  Ore  contains  107  Kg.  combined  water ;  152*3  Eg. 
slag +96*7  Kg.  of  FeO,  which  goes  into  slag,  and 
1,000  Kg.  of  Fe  which  is  recovered. 

The  Charcoal  contains  387  Kg.  of  carbon  and  21*5 
Kg.  of  slag. 

The  Liviestone  contains  89*6  Kg.  of  CO^  and  134*4  Eg. 
of  slag. 

The  moisture  in  bricquettes =125  Kg.  of  H^O. 
The  total  weight  of  slag  is  152'3+96-7 +21*5+134*4 
=406  Kg. 

The  quantities  to  be  dealt  with  are  therefore — 

1,000  Kg.  of  Fe  reduced  from  Fe^Oa  and  melted; 

405  Kg.  of  slag  to  be  melted ; 

]  07  Kg.  of  HgO  to  be  driven  off,  evaporated  and 

raised  to  500°  C; 
125  Kg.  of  H2O  (moisture)  to  be  evaporated  and 

raised  to  500°  C; 
387  Kg.  of  C  burnt  to  CO=903  Kg.  of  CO ; 
89*6  Kg.  of  CO,  reduced  to  CO=57  Kg.  of  CO; 
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9G0  Kg.  of  CO  raised  to  500°  C; 
SU'G  Kg.  of  GO2  calcined  from  the  limestone. 

I  assume  with  Stassano  that  the  gases  leave  the  fur- 
nace at  a  temperature  of  500°  C. 

For  the  calculation  I  adopt  the  following  data  gleaned 
from  various  sources  : — 

1  Kg.  of  Fe  reduced  from  Fe^Os  absorbs    1,720  calories 

(large). 

1  Kg.  of  Fe  for  melting  absorbs         . . .       350       „ 

1  Kg.  of  slag   (basic)   for  melting 

absorbs  ...  ...       500       ,, 

1  Kg.  of  C0i2  calcined  from  limestone 

absorbs  ...  ...       9(:ti       „ 

1  Kg.  of  CO2  reduced  to  CO  absorbs  ...    1,526       „ 

To  raise  temperature  of  1  Kg.  of  CO 

by  P  C.  absorbs       ...  ...  0  24  „ 

To  raise  1  Kg.  of  HgO  to  100°  C.  and 

evaporate  it  absorbs  . . .        636 

To  raise  temperature  of  1  Kg.  of  steam 

by  1°  C.  absorbs      ...  ...  048 

To  drive  off  1  Kg.  combined  HgO  from 

ore  probably  does  not  exceed     ...        500       „ 
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»» 


1  Kg.  of  C  burnt  to  CO  yields  . . .      2,400       „ 


Hence — 

1,000  Kg.  of  Fe  reduced  from  FegO, 

absorbs  (1,000X1,720)         =  1,720,000  calories, 
1,000  Kg.  of  Fe  for  melting  absorbs 

(1,000X350)  -     350,000 

405  Kg.  of  slag  for  melting  absorbs 

(405X500)  =     202,500 

Calcination    of   89*6  Kg.  of   CO9 

absorbs  (896 X 966)  -=       85,553 

(continued) 
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Reduction  of  896  Kg.  of  CO^ to  CO 

absorbs  (896 X  1,5*20)  136,729  calories. 

960  Kg.  of  CO  raised  to   500°  C. 

absorbs  (960 X 024 X 500)  1 15,000 

To  drive  oflF  107  Kg.  of  combined 

water  from  ore  (107  X  500)  53,500 

To  raise  230  Kg.  of  H«0  to  100- 

and  evaporate  it  (230  X  636)         145,280 

To  raise  230  Kg.  of  steam  from  100^ 

to  SOO^C.  (230 X 0-48  X  400)  44,000 


ft 


»» 


j» 


Total  absorbed  -      2,852,562 

387  Kg.  of  C  bmning  to  CO  gives 

out  (387  X  2,400)  =       928,800 


Difference = net  heat  required    =     1,923,762 


»t 


»» 


t» 


»> 


As  860  calories  =  1  K.  W.  hour,  the  energy  required 
per  ton  of  steel  produced  is  i4^237  K.  W,  liours. 

If  we  take  the  thermal  efficiencv  of  the  furnace  at 
80  per  cent,  and  with  large  furnaces  working  to ,  full 
capacity  it  is  likely  to  amount  to  this,  the  above  figure 
would  require  the  expenditure  of  -5^,795  K.  W.  hours. 

In  addition,  we  must  not  lose  sight  of  the  960  Kg. 
of  CO  which  is  produced  and  which,  if  burnt  to  COa,  is 
capable  of  yielding  960  X  2,400  =  2,304,000  calories,  an 
asset  of  considerable  value,  the  utilization  of  which  would 
need  careful  consideration  in  any  complete  scheme. 

I  have  already  shown  that  this  may  partly  be  used  to 
generate  some  of  the  energy  required  for  smelting.  A 
portion  may  be  used  to  dehydrate  the  ore.  This  would 
save  some  142,096  calories  in  the  furnace  equivalent  to 
165  K.  W.  hours,  or,  if  the  thermal  efficiency  is  80  per 
cent,  to  some  ^06  K,  W,  hoars,  and  would  reduce  the 
energy  required  to  about  2,500  K.  W.  hom-s  i)er  ton  of 
steel.  I  see  no  reason  why  this  figure  should  not  be 
obtained  in  practice  and  even  somewhat  improved  upon 
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in  the  case  of  the  richer  ores.  It  is  interesting  to  compare 
with  this  figure  some  of  the  results  which  have  been 
obtained  in  smelting  for  pig  iron. 

In  the  experiments  with  the  Keller  furnace,  conducted 
for  the  Canadian  Commission,  the  two  trial  runs  which 
were  made  gave,  respectively,  3,415  and  1,620  K.  W. 
hours  per  ton  of  pig,  and  Mr.  Harbord  considers  that  the 
mean  of  these  two  results  would  be  the  most  suitable 
figure  to  adopt,  vk.,  2,617  K,  W,  hours  per  twt  of  pig. 

In  the  experiments  made  by  the  Canadian  Government 
at  Sault  Ste  Marie,  the  better  results  work  out  about 
1^700  K,  W.  hours  per  ion. 

These  figures  may  be  capable  of  some  improvement  and 
taking  into  consideration  the  difference  in  the  character 
of  the  two  operations  and  the  fact  that  the  gases  evolved 
probably  take  part  in  the  reduction  to  pig  iron,  the  esti- 
mate of  2,500  K.  W.  hours  per  ton  of  steel  does  not 
appear  to  me  to  be  too  low. 

B— Summary  op  items  op  costs. 

In  collecting  these  figures  I  shall  keep  in  view  two  plants 
— one  comparatively  small  with  an  output  of  about  10,000 
tons  per  annum,  and  the  other  moderately  large  with  an 
output  of  about  100,000  tons  per  annum.  The  products 
of  these  two  plants  would  naturally  undergo  different 
treatments  and  be  used  for  different  markets.  The 
smaller  plant  would  supply  chiefly  castings  and  forgings 
with  some  special  high  grade  steels,  while  the  larger 
would,  in  addition  to  these  classes  of  material,  have  to 
convert  the  major  portion  of  its  output  into  the  commoner 
forms  of  steel  with  rolled  sections. 

1.  Ore, — I  have  shown  that  on  the  Bababudan  Hills 
there  is  a  large  quantity  of  high  grade  ore  which  would, 
I  believe,  average  some  65  per  cent  Fe  with  preliminary 
dehydration  by  means  of  some  of  the  gases  from  the 
furnaces.     Even  though  my  estimate  of  25,000,000  tons 
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of  sach  material  may  be  somewhat  in  excess  of  the  truth, 
there  can  be  no  question  that  there  is  ample  material 
with  which  to  run  the  smaller  if  not  the  larger  plant. 

I  have  estimated  that  this  ore  could  be  delivered  at  the 
works  at  from  Is.  6d.  to  2  shillings  per  ton.  For  the 
smaller  plant  I  adopt  the  latter  figure  and  for  the  larger 
plant  the  former.  If  necessary,  a  much  larger  supply  of 
ore  can  be  obtained,  which  with  dehydration  ought  to 
average  some  CO  per  cent  Fe. 

2.  Charcoal. — I  have  shown  that  charcoal  may  proba- 
bly be  obtained  at  a  cost  of  20  shillings  per  ton  without 
taking  the  question  of  by-products  into  account.  It 
might,  however,  be  safer  to  adopt  25  shillings  per  ton  for 
the  smaller  plant  and  20  shillings  per  ton  for  the  larger 
plant. 

3.  Limestone, — As  I  know  of  no  supplies  very  close 
to  the  works,  I  have  allowed  10  shillings  per  ton  for 
limestone,  which  ought,  I  think,  to  be  ample. 

4.  Crushing  and  dehydrating  ore, — My  estimate  for 
crushing  and  drying  ore  on  the  lines  suggested  by  the 
Edison  Ore  Milling  Syndicate  was  14  pence  per  ton.  If 
the  ore  has  to  be  dehydrated  instead  of  merely  dried,  the 
cost  would  be  somewhat  increased,  and  on  the  whole  I 
think  that  2  shillings  would  be  a  safe  figure  for  the 
smaller  plant  and  somewhat  less,  say  1'5  shillings,  for  the 
larger  plant. 

5.  Cmshing  UmtRtone  and  charcoal. — I  have  lumped 
these  at  1  shilling  per  ton  for  the  smaller  and  0*8  shilling 
per  ton  for  the  larger  plant.  The  item  is  quite  a  small 
one. 

6.  Bricquetting. — The  estimate  arrived  at,  using  the 
Edison  binder,  was  25'2  pence  per  ton  of  bricquettes  for 
about  20,000  tons  per  annum.  For  the  smaller  plant 
which  would  require  about  this  quantity,  I  put  the  figure 
at  2*5  shillings  per  ton  and  for  the  larger  plant  at  2*0 
shillings  per  ton.  Some  saving  may  be  possible  by 
bricquetting  with  lime. 
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7.  Electrical  energy. — This  is  a  point  on  which  further 
practical  information  is  required,  but  I  have  shown  some 
reasons  for  thinking  that  the  energy  required  for  a  65 
per  cent  ore  may  be  as  low  as  2,500  K.  W.  hours  per 
ton  of  steel,  and  I  shall  adopt  this  figure  for  the  purpose 
of  an  estimate.  With  the  60  per  cent  ore  the  energy 
required  would  be  somewhat  increased,  but  on  the  other 
hand,  with  the  larger  total  consumption  and  better  load 
factor,  the  price  per  unit  would  tend  to  be  less.  In  the 
following  estimates  I  shall  retain  the  same  figure  for  con- 
Bomption  in  both  cases  and  also  the  same  price  per  unit. 

Price  per  unit — ^I  have  already  given  reasons  for  think- 
ing that  the  energy  required  for  smelting  purposes  might, 
with  a  fairly  good  load  factor,  be  obtained  at; £'3  per  h.p. 
year  and  possibly  even  less.  MS  per  h.p.  year  is  0*11 
penny  or  00092  shilling  per  K.  W.  hour ;  and  I  have 
adopted  001  shilling  per  K.  W.  horn*. 

8.  Lining  of  furnace, — At  Turin,  Stassano  gives  the 
cost  of  lining  the  1,000  h.p.  furnace  as  db'200  and  the 
subsequent  costs  of  re-lining  at  from  §  to  }  of  this.  We 
might  thus  take  the  average  cost  to  be  ;£150. 

The  magnesia  bricks  cost  at  Turin  Jb'12  per  ton,  but  in 
Mysore,  where  there  are  supplies  of  magnesite,  the  cost 
ought  not  to  be  more  than  M5  or  ^6  per  ton,  which  would 
reduce  the  cost  of  lining  to  about  M75, 

For  making  steel  from  scrap  the  furnace  would  have 
an  output  of  some  16  tons  per  day  and  the  lining  is  said 
to  last  about  22  days.  This  means  an  output  of  over  300 
tons  per  month  at  a  cost  for  lining  of  .1*75  or  say  5  fthillingfi 
per  tofi  of  steel. 

For  making  steel  from  ore  the  output  of  the  furnace 
should  be  about  5  tons  per  day  and  if  the  lining  lasts  for 
18  days  the  output  would  be  90  tons  for  i75  or  about 
17  shillings  per  ton. 

For  the  smaller  plant  I  take  20  shillings  per  ton  as  a 
reasonable  figure. 
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For  the  larger  plant  it  is  obvious  that  considerably 
larger  furnaces  will  be  required,  and  I  see  no  reaflon  why 
they  should  not  be  devised.  With  larger  furnaces  the 
proportion  of  lining  to  output  should  be  reduced  very 
materially,  though  I  cannot  say  to  what  extent.  From 
the  above  figures,  however,  I  do  not  think  it  would  be 
going  beyond  a  reasonable  probability  to  reduce  the  cost 
of  lining  to  16  HhilUngH  per  ton  of  steel  for  the  larger 
plant,  and  it  is  [X)ssible  that  it  would  he  considerably  less. 

This  is  evidently  a  very  expensive  item  and  anything 
tending  to  reduce  the  cost  of  the  lining  would  materially 
improve  matters. 

9.  Electrodes^. — In  making  steel  from  scrap  at  Turin 
the  consumption  of  electrodes  works  out  at  about  4  Kg. 
j)er  ton  and  the  cost  at  4  i>ence  i)ef  Kg.  is  16  pence.  To 
this  Stassano  adds  24  pence  for  breakage  and  waste, 
making  a  total  of  40  pence  per  ton  of  steel. 

With  a  plant  for  making  electrodes  at  the  works  and 
using  up  the  broken  and  scrap  material  and  with  more 
careful  manufacture  which  would  much  reduce  breakage 
it  is  probable  that  the  above  figure  could  be  halved,  or 
say  2  shillings  per  ton  of  steel. 

For  the  manufacture  of  steel  from  ore  this  figure  would 
require  to  be  multiplied  three  or  four  times  according  to 
size  and  output  of  furnaces,  so  that  we  may  adopt — 

8  shillings  per  ton  for  the  smaller  plant  and 
()  shillings  per  ton  for  the  larger  plant 
as  reasonable  figures  to  expect. 

10.  Labour  for  smeltinq, — The  figures  already  given 
for  getting  and  preparing  ,the  materials  include  labour, 
and  we  have  now  to  add  the  labour  costs  at  and  about 
the  furnaces. 

At  Turin  Stassano  gives  the  cost  of  labour  for  a  1,000 
h.p.  furnace  making  steel  from  scrap  as  Lr.  4  or  40 
pence  per  ton,  the  wages  being  about  4  shillings  per  man 
per  shift. 
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In  Mysore  the  wages  would  be  about  one-fourth  of  the 
above,  except  in  the  case  of  foremen,  and  probably  a  few 
raore  men  would  be  required.  On  the  other  hand,  the 
number  of  men  would  be  reduced  where  a  number  of 
furnaces  were  at  work. 

From  these  considerations  I  would  put  the  cost  of 
labour  at  from  1*0  shilling  to  1'5  shillings  per  ton  of  steel. 

For  the  manufacture  of  steel  from  ore  these  figures 
iKTOuld  require  to  be  multiplied  two  or  three  times ;  hence 
I  consider  that  4*0  shillings  per  ton  for  the  larger  plant  and 

6*0  shillings  per  ton  for  the  smaller  plant 
would  be  ample  to  allow. 

11.  General  expenses. — For  these  I  allow — 

5  shillings  per  ton  for  the  smaller  and 
2  shillings  per  ton  for  the  larger  plant. 

12.  Management  and  supervision, — For  this  I  think  it 
would  be  suflBcient  to  allow — 

5  shillings  per  ton,  or  j92,500  per  annum, 
for  the  smaller,  and  1  shilling  per  ton, 
or  d£5,000  per  annum,  for  the  larger 
plant. 

13.  Interest  and  depreciation  on  the  smelting  plant 
including  buildings,  cranes  and  accessories.  For  the 
smaller  plant  we  might  estimate  that  a  1,000  h.p.  furnace 
is  capable  of  producing  5  tons  per  day  and  is  in  commis- 
sion for  20  days  per  month.  This  means  1,200  tons  per 
year  per  furnace,  and  for  an  output  of  10,000  tons,  ten 
furnaces  would  be  required  allowing  a  margin  for  ac- 
cidents. 

According  to  Stassano  a  furnace  costs  £2,000,  but  it  is 
probable  that  a  number  could  be  made  at  Jb'1,500  or  less  if 
the  oscillating  type  were  used  instead  of  the  revolving  type. 

The  cost  of  the  furnaces  would  then  be  about  iS15,000 
and  for  the  buildings,  accessories,  etc.,  I  would  allow 
£35,000  making  a  total  of  £50,000. 

Interest  and  depreciation  on  the  whole  of  this  amount 
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at  10  per  cent  would  be  4'5,000  per  annum  or  10  shillings 
per  ton  of  steel. 

For  the  larger  plant  it  would  be  necessary  to  use  larger 
furnaces,  and  they  should  be  considerably  cheaper  per 
1,000  h.p.,  say  £1,000  as  against  £1,500  in  the  previous 
case.  Without  allowing  for  increased  efficiency  in  the 
larger  furnaces  or  reducing  the  allowance  for  accidental 
stoppages,  the  cost  of  furnaces  for  100,000  tons  of  steel 
would  be  £100,000.  It  is  probable  that  £50,000  would 
be  sufficient  to  allow  for  buildings,  accessories  and  erec- 
tion making  a  total  of  £150,000.  As  such  a  large  pro- 
portion of  this  represents  the  furnaces,  I  would  make  the 
rate  for  interest  and  depreciation  15  per  cent  or  £22,500 
per  annum — which  is  4'6  shillings  per  ton  of  steel. 

C. — Estimates  op  Cost. 

Using  the  foregoing  figures  as  a  basis,  we  may  now 
consider  the  detailed  cost  in  three  cases,  viz : — 

(1)  Ore  which  after  dehydration  contains  65  per  cent 

Fe ;  annual  output  10,000  tons  of  steel. 

(2)  Similar  ore  to  (1) ;  output  100,000  tons  of  steel. 

(3)  Ore   which  after  dehydration   contains   60  per 

cent  Fe ;  annual  output  100,000  tons  of  steel. 

For  Nos.  (J)  and  (2)— 

100  Kg.  of  the  dehydrated  ore  contain  65  B^.  of  Fe. 
Allowing  6  per  cent  loss  in  the  slag,  the  yield  will  be  61 
Kg.  of  steel,  and  therefore  ^^  X  i^^^^--  1,640  Kg.  of 
dry  ore  will  be  required  per  ton  of  steel. 

Taking  the  composition  of  the  bricquettes  at 
100  Kg.  ore 
24  Kg.  charcoal  (90  per  cent  C) 
12  Kg.  limestone 
the  quantities  required  will  be 
1,640  Kg.  ore 
394  Kg.  charcoal 
197  Kg.  limestone. 
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Assuming  that  the  ore  contains  about  5  per  cent  of 
water  to  be  driven  off  and  that  there  is  a  loss  of  5  per  cent 
of  material  during  crushing  and  handling,  the  following 
quantities  will  be  required  : — 

1,640  plus  10  per  cent  =  1,804  Kg.  crude  ore 

394     „      5  per  cent  =   414  Kg.  charcoal 

197     „      5  per  cent  =     207  Kg.  limestone. 

F(yr  No,  (3)— 

100  Kg.  of  dehydrated  ore  contain  60  Kg.  of  Fe  and 
allowing  7  per  cent  loss  in  slag,  the  yield  will  be  55*8 
Kg.  of  steel. 

For  1  ton  of  steel  ^^^  X  ^^^^^  --=  1,792  Kg.  of   ore 

will  be  required. 

Taking  the  bricquettes  at 

100  Kg.  dehydrated  ore 

23  Kg.  charcoal 

20  Kg.  limestone 

the  quantities  for  1  ton  of  steel  will  be 

1,792  Kg.  ore 

412  Kg.  charcoal 

358  Kg.  limestone. 

Assuming  10  per  cent  of  water  driven  off  from  the  ore 
and  5  per  cent  loss  of  material  in  crushing  and  handling, 
the  materials  required  will  be — 

1,792  plus  15  per  cent  =  2,061  Kg.  crude  ore 
412     „      5  per  cent  —     433  Kg.  charcoal 
358     „      6  per  cent  =     376  Kg.  limestone. 

Using  these  quantities  we  get  the  following  estimates : — 

(1)  65  per  cent  ore;  output— 10,000  tons  steel. 

Shillings. 
1,804  Kg.  crude  ore  at  2  shillings  per  ton     ...         3*608 

414  Kg.  charcoal    at  25  shillings  per  ton     ...       10*35 

207  Kg.  Umestone  at  10  shillings  per  ton     . . .         2*07 

{continued) 
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CnishiDg  and  dehydrating  1,804  Eg.  ore  Shillings. 

at  2  Bhilling9  per  ton  ...  ...         3-606 

Gmshing  charcoal  and  limestone,  621  Kg. 

at  1  Bhilling  per  ton  ...  ...         0'621 

Bricquetting  2,231  Kg.  of  mixture  at  2'5 

shillinga  per  ton  ...  ...         5'578 

Electrical  energy,  2,500  K.  W.  hoars  at 

0-01  shilling  per  K.  W.  hour  ...       2500 

Lining  of  fnmace  ...  ...       2000 

Electrodes  ...  ...         800 

Labour  at  fumacee  ...  ...         6~00 

G^eral  expenses  ...  ...         5'00 

Management  and  supervision       ...  ...         5  00 

Interest  and  depreciation  on  smelting 

plant  and  accessories  at  10  per  cent...        1000 


CoBt  of  steel  per  ton     ...     104-836 


(2)  66  per  cent  ore;  output— 100,000  tons  steeL 

Shillings. 

1,804  Kg.  crude  ore  at  15  shillings  per  ton   ...  2708 

414  Kg.  charcoal  at  20  shillings  per  ton      ...  828 

207  Kg.  limestone  at  10  shillings  per  too    ...  207 
Crushing  and  dehydrating  ore,  1,804  Kg. 

at  1-5  shillings  per  ton...                 ...  2'708 

Crushing  charcoal  and  limestone,  621  Kg. 

at  1  shilhng  per  ton      ...                  ...  0621 

Bricquetting  2,231  Kg.  mixture  at  2  shillings 

per  ton                             ...                  ...  4462 

Electrical  energy  2,500  K.W.  hours  at  001 

shilling  per  K.W.  hour                     ...  25  00 

Lining  of  furnace                         ...                 ...  IC'OO 

Electrodes                                         ...                  ...  600 

Labour                                          ...                 ...  400 
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Shillings. 
General  expenses  ...  ...         200 

Management  ...  ...         1*00 

Interest  and  depreciation  ...  ...         4'50 


Cost  of  steel  per  ton  ...       79'349 

(3)  60  per  cent  ore;  output— 100,000  tons  steel. 

Shillings. 
2,061  Kg.  crude  ore  at  1*5  shillings  per  ton   ...         3091 

433  Kg.  charcoal  at  20  shillings  per  ton  ...  8*66 

376  Kg.  limestone  at  10  shillings  per  ton  ...  3*76 
Crushing  and  dehydrating  ore,  2,061  Kg. 

at  1'6  shillings  per  ton  ...  ...  3'091 

Crushing  charcoal  and  limestone,  809  Kg. 

at  0*8  shilling  per  ton    ...  ...  0*647 

Bricquetting  2,562  Kg.  mixture  at  2  shillings 

per  ton  ...  ...         612 

Electrical  energy  2,500  K.  W.  hours  at  001 
shilling  per  K.  W.  hour 

liining  of  furnace 

Electrodes 

Xjabour 

General  expenses 

Management 

Interest  and  depreciation 


• 

... 

2500 

... 

1600 

... 

600 

.  •  • 

400 

... 

200 

100 

... 
■ . . 

4-50 

per  ton 

82-869 

The  foregoing  estimates  do  not  include  the  important 
question  of  the  treatment  of  the  scrap  from  the  finishing 
works,  which  may  amount  to  from  one -fourth  to  half  of 
the  finished  output.  This  has  got  to  be  resmelted  and 
will  require  additional  plant,  and  as  this  will  be  combined 
with  the  larger  ore-smelting  plant,  we  may  take  the 
following  figures  for  the  cost  of  resmelting : — 
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Cost  of  resmelHng  scrap  per  ton. 

Shillings. 

50  Kg.  limestone  at  10  shillings  per  ton  ...  0'50 

Ferro  alloys  and  aluminium        ...  ...  6'00 

Labour                                          ...  ...  3*00 

Electrodes                                     ...  ...  200 

Lining  of  furnace                         ...  ...  5'00 

Electrical  energy,  800  K.  W.  hours  at 

001  shilling  per  ton      ...  ...  S'OO 

General  expenses  and  supervision  ...  I'OO 

Interest  and  depreciation             ...  ...  2'00 

Loss  during  smelting                   ...  ...  5*00 

Total  ...  32-50 


Say  33  shillings  per  ton. 

Absuming  that  the  scrap  is  returned  to  the  smelting 
works  free  of  charge,  the  resmelting  of  the  scrap  will 
reduce  the  cost  per  ton  of  the  steel  sold  to  the  finishing 
works,  but  will  increase  the  smelting  costs  per  ton  of 
finished  steel. 

(1)  Thus  on  a  10,000  ton  finished  output  (from  66  per 
cent  ore)  and  allowing  scrap  equal  to  half  the  output,  the 
costs  will  be  "  per  ton  of  finished  output "  105  +^—  ISl'S 

shillifigs  or  "  per  ton  sold  to  finishing  works  "  ^~  —  81 

shillings. 

(2)  On  a  100,000  ton  output  from  65  per  cent  ore, 
allowing  scrap  equal  to  one-fourth  the  output,  the  costs 
will  be  "  per  ton  of  finished  output "  79'6  +  ^  =  87'7S 

87*76 

shilluigs  or  **  per  ton  sold  to  finishing  works"  7:^  =  i^O'2 
shillings. 

(3)  On  a  100,000  ton  output  from  60  per  cent  ore, 
allowing  scrap  equal  to  one-fourth  the  output,  the  costs 
will  be  "per  ton  of  finished  output"  83  +   ^  =  SlUS 

shillings  or  "  per  ton  sold  to  finishing  works  "^^55  =73 
shillings. 
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On  the  basis  of  these  estimates  and  confining  attention 
for  the  present  to  the  65  per  cent  ore,  it  would  appear 
probable  that  the  cost  of  steel  in  the  various  manufactured 
forms  in  which  it  would  have  to  be  placed  in  the  market 
would  be  on  the  average  about  122  shillings  per  ton  for 
a  small  output  of  10,000  tons  a  year  and  about  88  shil- 
lings per  ton  for  a  fairly  large  output  of  100,000  tons  a 
year.  To  these  figures  must  be  added  the  cost  of  treat- 
ment for  the  conversion  of  the  steel  to  manufactiured 
forms  and  the  cost  of  transport  of  the  finished  articles  to 
a  market. 

In  the  next  section  I  give  some  figures  as  to  the  de- 
mand for  iron  and  steel  in  India  and  the  market  values 
of  the  various  classes. 
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VII.     THE  CHARACTER  AND  SALE  OF 

PRODUCTS. 

The  following  Btateiuents,  taken  from  the  Annual 
Ile{)ort  of  the  Director-General  of  Commercial  Intelligence 
in  India,  give  a  very  fair  idea  of  the  imports  of  various 
classes  of  iron  and  steel  goods  imported  into  India  during 
the  year  ending  the  31st  of  March  1908: — 

IRON. 


ClftM  of  materiAl 

Quantity 

tons 
(2,240  Ibe.) 

Valae 
£ 

Value  per 

ton. 
Shillings 

Cutlery  and  Hardware-^ 

1 

Share  of  Bengal    ... 

157,348 

... 
1 

„        Eastern  Bengal  and 
Assam 

3,715 

... 

„         Bombay  ... 

66,710 

.  • . 

,,         Sind 

26.650 

•  •  • 

„         Madras    ... 

35.359 

•  •  • 

,,        Burma 

50.902 

•  •  • 

Total 

340.684 

•  •  • 

Iron — Old,  for  re-mamiffacture — 

Share  of  Bengal    ... 

99 

298 

6017 

„        Bombay  ... 

185 

490 

5305 

„         Sind 

3 

10 

7692 

n        Madras    ... 

678 

1,884 

5187 

,,        Burma    ... 

88 

542 

122*48 

Total 

1,063 

3,224 

61' 23 

Ino^— Cast  {Pig)— 

Share  of  Bengal    ... 

21,038 

84.370 

80*20 

H        Eastern  Bengal  and 
Assam 

93 

435 

93*54 

„        Bombay  ... 

9,216 

40.598 

8810 
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Class  of  maaterial 

Quantity 

tons 
(2,a401b8.) 

Valae 

Vklaeper 

ton. 
Shillings 

Iron— Cos^  (Ptf/)— con^. 

Share  of  Sind 

165 

652 

7879 

„         Madras    ... 

930 

4,174 

8974 

„         Burma 

1,233 

5,781 

93'80 

Total 

32,675 

136,010 

83'24 

Iron —  Wrought — Anchors, 
cables  and  kentledge— 

Share  of  Bengal    ... 

712 

12,887 

36179 

„        Eastern  Bengal  and 
Assam 

183 

3,980 

435*80 

,,        Bombay  ... 

103 

1,727 

330*96 

II         Sind 

... 

... 

•  .  ■ 

„         Madras    ... 

1 

13 

32600 

„        Burma    ... 

120 

2,448 

406*64 

Total 

1,119 

21,086 

376'28 

lB,0^— Wrought— Angle,  bolt 
and  rod — 

Share  of  Bengal    ... 

1,U4 

9,292 

162*40 

n        Eastern  Bengal  and 
Assam 

20 

152 

145*85 

y,        Bombay  ... 

290 

2,604 

179*49 

n         Sind 

40 

823 

161*29 

,1         Madras   ... 

2,328 

21,562 

185*21 

„        Burma    ... 

454 

3,812 

16800 

Total 

4Ji76 

87,746 

17649 

Iron— i?ar— 

Share  of  Bengal    ... 

9,909 

87,658 

176*92 

„        Eastern  Bengal  and 
Assam 

209 

2,216 

21205 

M        Bombay  ... 

1,984 

17,492 

176*37 

ti         Sind        ...             ... 

147 

1,573 

214*08 

„        Madras    ... 

21,034 

161.330 

153*39 

1^ 


CUm  of  materiftl 

QoAntity 
tons 

(9,910  Ibe.) 

Value 
£ 

Viloeper 
ton. 

Iron — Bar—contd. 

ShaxB  of  Burma    ... 

5,601 

44,395 

158*52 

Total 

'    38,884 

;  314,664 

I6r84 

Ikon — Beams,  pillars,  girders 
and  bridge-vxfrk — 

1 
1 

i 

Share  of  Bengal    ... 

237 

,     2,311 

19530 

„        Eastern  Bengal  and 
AHBam 

113 

1,512 

26737 

„         Bombay  ... 

1,606 

23.165 

288*48 

„         Sind 

1.026 

8,011 

156*12 

,,         Madras   ... 

2,012 

25,925 

257*67 

„        Burma 

3.523 

42.525 

241*42 

Total 

8M7 

103M9 

242'92 

IBON— J5o//«  and  nuts — 

Share  of  Bengal    ... 

l.«» 

37,577 

410*40 

„        Eastern  Bengal  and 
Assam 

25 

484 

• 

394*29 

„        Bombay  ... 

1.871 

34.529 

36909 

„         Sind 

225 

4,478 

398*22 

H        Madras   ... 

250 

5.844 

468*08 

„        Burma    ...            •••• 

891 

6.942 

354*90 

Totai 

4^98 

89,864 

39130 

iBxm—Hoop— 

Share  of  Bengal    ... 

1.790 

18,562 

207*39 

„        Eastern  Bengal  and 
Assam 

9 

75 

160*42 

H        Bombay  ... 

1,068 

9.250 

173*24 

„        Sind 

16 

126 

160*00 

„        Madras   ..« 

321 

2,971 

185*25 

„        Burma    .*• 

408 

4,448 

218*27 

Total 

3,612 

36,432 

196'22 

1 
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C1m8  of  materia] 

Qoantity 

tona 
(2,340  lbs.) 

Value 
£ 

Valae  per 

ton. 
Shilliugs 

Iron—  Nails,  screws^  rivets  and 
washers — 

Share  of  Bengal    ... 

5,067 

90,477 

357  13 

;,        Eastern  Bengal  and 
Assam 

31 

426 

27439 

„        Bombay  ... 

3,613 

49,260 

27265 

„         Sind 

997 

13,448 

26980 

„        Madras   ... 

1,822 

27,291 

299*54 

„         Burma    ... 

4,013 

51,062 

264*46 

Total 

18,643 

231,954 

29846 

Iron — Pipes  and  tubes — 

Share  of  Bengal     ... 

9,277 

118,674 

266*39 

„        Eastern  Bengal  and 
Assam 

8 

133 

324*39 

,,        Bombay  ... 

10,903 

123,167 

226*93 

„         Sind 

1,340 

14,803 

220*96 

„        Madras   ... 

2,307 

28,961 

26110 

„         Burma    ... 

4,636 

76,749 

33110 

Total 

28,471 

362,414 

25459 

Iron — Sheets  and  plates  not  gal- 
vanised or  tinned — 

Share  of  Bengal    ... 

267 

3.188 

239*02 

M        Eastern  Bengal  and 
Assam 

22 

280 

258*66 

„        Bombay  ... 

566 

4,419 

16907 

yt        Sind 

3 

29 

168*11 

„        Madras    ... 

2,460 

21.401 

17400 

fi        Burma 

351 

3.397 

193*61 

Total 

3,659 

32,714 

178  87 

Iron— Btc6  bowls — 

Share  of  Bengal    ... 

6.895 

77.336 

262*36 

M        Eastern  Bengal  and 
Assam 

•  •  • 

•  •  • 

•  •  • 
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ClftM  of  matoriftl 


>i 


ft 


ft 


t» 


)i 


>» 


t» 


f> 


Iron — Rice  bowU — conid. 
Shore  of  Bombay  ... 
Sind 

Madras    ... 
Bunna    ... 

Total 
Iron— Wt  re- 
Share  of  Bengal     ... 

Eastern  Bengal  and 
Assam 

Bombay  ... 

Sind 

Madras    ... 

Burma 

Total 

Iron— 0</i€r  manufactures  of 
iron,  or  of  iron  viixed  with 
steel. 

Share  of  Bengal    ... 

Eastern  Bengal  and 
Assam 

Bombay  ... 

Sind 

Madras    ... 

Burma    ... 

Total 

Steel  —Atigle,  channel  and 
spring — 

Share  of  Bengal     ... 

„        Eastern  Bengal  and 
Assam 


Quantity 

iona 
(2,340  lbs.) 


Value 


Value  per 

ton. 
ShillingB 


I 


19 
0*25 
125 
293 
[6^3225 

2,010 

43 

1,899 

341 

370 

419 

5,082 


»l 


Bombay  ... 


309 

3 

1.720 

3,608 

82,976 

29,010 

670 

26,407 

4,394 

6.173 

6,094 

71,748 


I 


328*72 
240*00 
27476 
24619 
26205 

28871 

30946 
28062 
25797 
27969 
29102 
28222 


7.063 

210 
467 

1,602 
106 

1,237 
10,574 


14,236 

10 
6,226 


116,668 

330*83 

2,867 

225*48 

12,893 

551*92 

13,756 

183*21 

1,820 

345*35 

22,789 

368*52 

170^93 

322'09 

108,754 

152-78 

87 

183*15 

46,386 

149*01 
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Cla88  of  material 

Quantity 

tons 
(2,240  lbs.) 

Vklne 
& 

Value  per 

ton. 
ShilUngs 

Steel — Angle,  channel  and 
spring — contd. 

Share  of  Sind 

1,432 

10,450 

14593 

1  f               iXLcKlxUo      •  •  •                      •  •  • 

1,670 

13,330 

16979 

„        Burma    ... 

784 

7,241 

184*68 

Total 

24,268 

186M8 

163'53 

Stebl—- 5ar« — 

Share  of  Bengal    ... 

35,205 

265,368 

15075 

„        Eastern  Bengal  and 
Assam 

38 

255 

135*45 

„         Bombay  ... 

44,433 

320,605 

144*31 

,t         Dina        ...             ... 

14,891 

106.760 

143*39 

,,         Madras   ... 

3,682 

32,617 

17716 

n        Burma    ... 

898 

8,476 

183*24 

Total 

99,147 

734,081 

14808 

Steel — Beams,  pillars,  girders 
and  bridge  work — 

Share  of  Bengal     ... 

27,006 

192,680 

142*69 

„        Eastern  Bengal  and 
Assam 

1,357 

17,719 

261*11 

„        Bombay  ... 

12,784 

96,217 

111*41 

„        Sind 

8,302 

62.852 

151*41 

„         Madras    ... 

1,323 

11,544 

174*49 

„         Burma     ... 

1,899 

19.115 

201*77 

Total 

52,671 

400,127 

16193 

Steel— Co*/— 

Share  of  Bengal    ... 

1.183 

27.380 

462*71 

„         Eastern  Bengal  and 
Assam 

•  •  • 

•   •  • 

■  ■  . 

„         Bombay  ... 

2,552 

34.402 

269*56 

„         Sind 

118 

1.397 

236*57 

„         Madras    ... 

337 

8,270 

491*09 
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CUm  ai  material 

Qoaatity 

tons 
(9,910  Ibt.) 

Valiie 

tOB. 

ShilliDKB 

1 

Steel — Cast-^orud. 

Share  of  Burma    ... 

473 

5,379 

227'51 

Total 

4,66.9 

76.828 

32947 

Steel — Hoop— 

Share  of  Bengal     ... 

5,619 

52,210 

18582 

Eastern  Bengal  and 
Assam 

•  •  • 

•  ■  • 

... 

„         Bombay  ... 

10,964 

104.555 

19072 

„         Sind 

1,644 

15.026 

18282 

„         Madras   ... 

1.677 

17.248 

20560 

„        Burma    ... 

334 

3,937 

23592 

Total 

Si0,238 

192.976 

190  69 

Steel — Plates  aivd  sheets — 

Share  of  Bengal    ... 

36.673 

381,243 

20791 

„         Eastern  Bengal  and 
Assam 

140 

2,351 

33573 

„        Bombay  ... 

19.290 

214,339 

22222 

,,         Sind 

13,398 

136.822 

204*24 

,,         Madras    ... 

2,532 

23,824 

18813 

,,         Burma     ... 

5.551 

74,479 

268*32 

Total 

77,584 

833,058 

21474 

Steel — Other  sorts — 

1 
1 

Share  of  Bengal     ... 

22.980 

218.729 

190*34 

„         Eastern  Bengal  and 
Assam 

1.330 

20,366 

306*79 

„        Bombay  ... 

6,036 

73,418 

243*25 

,,         Sind 

658 

7,944 

241*31 

,,         Madras    ... 

604 

19,921 

659*41 

„         Bunna    ... 

31,164 

426,113 

273*46 

Total 

62.772 

766.491 

24420 

Total  steel— 

Share  of  Bengal    ... 

142,902 

1,246,363 

174*48 
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Quantity 

ValnA 

Value  per 

Clasd  of  mftterial 

tons 

V  Miue 

£ 

ton. 

(2,240  lbs.) 

ShiUings 

Total  Steel— contd. 

Share  of  Eastern  Bengal  and 

Assam 

2,875 

40,778 

23370 

„        Bombay  ... 

102,285 

889,922 

17400 

„         Sind 

40,443 

341,251 

168-75 

„        Madras    ... 

11.726 

126,763 

21618 

„        Burma    ... 

41,103 

544,742 

26506 

Total 

341,334 

3.189,809 

18690 

Railway  Plant  akd  Eolling 

Stock — Carriages  and 

trucks  and  parts  thereof— 

Share  of  Bengal     ... 

1,098.696 

•  •  • 

„        Eastern  Bengal  and 

Assam 

42,632 

•  •  • 

„        Bombay  ... 

681.839 

,,         Sind 

13,794 

•  •  • 

„        Madras   ... 

... 

136,660 

•  •  • 

„         Burma    ... 

126,641 

•  •  • 

Total 

2,098,151 

•  •  • 

Locomotive  engines  and  tenders 

and  parts  thereof — 

Share  of  Bengal    ... 

509.855 

„        Eastern  Bengal  and 

Assam 

a  .  • 

„        Bombay  ... 

347,841 

.,        Sind 

17,583 

„         Madras    ... 

188,374 

,»        Burma 

103,024 

Total 

1^66,177 

Maierials  for  construction.  Rails 

4 

and  fish  plates  of  steel  and 

iron — 

Share  of  Bengal    ... 

29,124 

203,380 

139*66 

lao 


CIms  of  material 

Quantity 

tons 
(9,940  Iba.) 

1 

Yalae 

£ 

1 

Value  ptr 

ton. 
Rhfllliiip 

Materials  far  construction.  Rails 
and  fish  platss  of  steel  and 
iron — contd. 

1 

Share  of  Eastern  Bengal  and 
Assam 

1 

826      60.346 

14609 

„        Bombay  ... 

31,048  !  188,112 

17874 

„        Sind 

3.783 

29.070 

153*66 

„         Madras   ... 

10,023      79,338 

15830 

H        Bunna    ... 

3,152      20,811 

13301 

Total 

67,956 

581,057 

171'0l 

Sleepers  and  keys  of  steel  and 

iron — 

Share  of  Bengal    ... 

2 

267 

2.272*34 

„        Eastern  Bengal  and 
Assam 

... 

... 

... 

„        Bombay  ... 

18,171 

125.924 

138*69 

„         Sind 

006 

1 

40000 

„         Madras    ... 

14,471 

103,821 

143*49 

„        Burma    ... 

... 

... 

... 

Total 

32,644'06 

230fil3 

14ff92 

I  do  not  propose  to  discuss  these  figures  in  any  detail 
and  they  are  inserted  for  the  information  of  those  who 
may  have  the  necessary  acquaintance  with  the  costs  of 
manufacture  of  the  various  classes  of  material  mentioned, 
to  be  able  to  judge  whether  with  steel,  for  which  the 
smelting  costs  amount  to  from  88  to  122  shillings  per  ton, 
it  would  be  possible  to  produce  the  finished  articles  at  a 
cost  sufficiently  below  the  sale  prices  to  leave  a  reason- 
able profit.  The  costs  of  manufacture  are  so  varied  and 
intricate  that  it  would  not  be  worth  while  for  an  outsider 
to  attempt  to  discuss  them  in  detail. 
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A  few  points  may,  however,  be  noted : — 

The  nearest  markets  to  works  situated  at  the  Baba- 
badan  Hills  are  Madras  and  Bombay  and  the  places  which 
those  ports  supply.  The  freight  to  Madras  would  add 
about  15  shillings  per  ton  to  costs  and  that  to  Bombay 
about  30  shillings  per  ton,  though  it  is  quite  possible  that 
more  favourable  rates  could  be  obtained. 

In  the  case  of  railway  materials  supplied  to  the  Madras 
and  Southern  Mahratta  Bailway,  it  is  probable  that  the 
freight  might  be  omitted  from  the  calculation  altogether, 
as  the  works  would  be  situated  on,  or  closely  connected 
with,  this  railway  system. 

It  is  quite  evident  that  the  great  bulk  of  the  material 
imported  into  India  could  not  be  profitably  supplied  from 
works  having  a  small  output.  The  prices  quoted  for 
most  of  this  material  run  from  140  to  200  shillings  per 
ton  and  the  difference  between  these  figures  and  the  cost 
of  the  steel  at  122  shillings  per  ton  would  leave  no  mar- 
gin for  profit,  even  if  it  covered  the  costs  of  manufacture 
and  transport.  There  are,  however,  some  lines  which  I 
think  might  be  supplied  by  a  small  concern,  for  in- 
stance : — 

Steel  castings, — These  according  to  the  statement 
average  about  330  shillings  per  ton.  In  addition  to  the 
quantities  there  specified,  there  must  be  large  imports  of 
steel  castings  for  railway  purposes. 

Steel  forgings. — ^It  is  probable  that  in  India  these  would 
be  worth  at  least  £10  per  ton. 

Tool  and  other  special  steels, — The  demand  for  these 
is  not  very  large,  but  they  would  probably  afford  a  pro- 
fitable line  of  work. 

Bailway  tyres. — These  are  fairly  expensive  and  will 
probaUy  be  worth  about  £14  per  ton  in  India. 

All  of  these  lines  can  be  manufactured  without  the 
necessity  for  a  very  large  plant  for  which  a  very  large 
and  coDstant  output  is  a  sU%e  qua  non,  and  considering  the 
fact  that  fairly  useful  labour  can  be  obtained  in  India  at 

K 
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a  cheap  rate,  it  seems  quite  probable  that  they  ooold  b& 
supplied  in  successful  competitioii  with  imported  goods. 

For  the  cheaper  varieties  of  steel  the  outlook  is  le» 
favourable,  but  by  no  means  without  hope,  the  essential 
need  being  a  steady  market  for  a  la^e  output.  It  is 
obvious  that  the  higher  priced  steels  already  mentioned 
would  be  very  much  more  profitable  in  the  case  of  a  con- 
cern having  a  large  output  of  other  classes  of  steel  owing 
to  the  lowering  of  general  charges,  and  this  would  mate- 
rially help  to  make  the  manufacture  of  the  lower  priced 
steel  possible.  To  take  the  case  of  steel  rails,  these  are 
quoted  as  having  a  value  of  150  to  170  shillings  per  ton 
in  India.  If  the  steel  can  be  made  at  88  shillings  per  ton 
and  if  reheating  and  rolling  costs  30  shillings  per  ton» 
there  remains  a  balance  of  30  shillings  to  50  shillings  per 
ton  to  cover  transport  and  profit ;  and  if  the  rails  can  be 
delivered  on  the  railway,  the  transport  charges  would  be 
practically  wiped  out.  On  these  figures  it  looks  as  though 
the  manufacture  and  supply  of  steel  rails  is  not  without 
hope  of  being  profitable  and  the  same  would  be  true  of 
certain  classes  of  rolled  sections. 


CONCLUDING  REMARKS. 

The  foregoing  notes  deal  with  some  of  the  factors  con- 
nected with  the  possible  smelting  of  iron  ores  in  Mysore 
in  electrical  furnaces.  The  information  about  the  supply 
and  cost  of  materials  and  of  electrical  energy  is  independ- 
ent of  the  particular  process  or  kind  of  furnace  which 
might  eventually  be  adopted  and  will,  I  hope,  prove  of 
some  general  utility.  In  the  various  estimates  which  I 
have  put  forward  the  only  factors  which  may  possibly  be 
considered  as  having  been  underestimated  are  those  re- 
lating to  the  cost  of  electrical  energy  and  the  amount  of 
energy  necessary  to  smelt  a  ton  of  steel.  The  estimate 
of  2,500  K.  W.  hours  per  ton  of  steel  is,  I  admit,  low,  so- 
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far  as  our  present  experimental  knowledge  goes,  but  I 
am  still  inclined  to  adhere  to  the  opinion  that  this  result 
is  obtainable.  At  first  it  would  almost  certainly  be  exceed- 
ed and  3,000  E.  W.  hours  would  perhaps  be  a  better 
figiire  for  a  small  plant.  This  would  increase  the  cost  of 
energy  by  one-fifth  and  if  at  the  same  time  the  price  per 
unit  were  increased  from  £S  to  £3-108  per  h.p.  year,  a 
farther  one-sixth  would  be  added.  The  cost  of  energy 
per  ton  of  steel  would  then  be  increased  from  25  to  35 
shillings,  thus  adding  10  shillings  per  ton  to  the  cost  of  the 
steel.  Even  with  such  an  addition  I  am  of  opinion  that 
the  higher-priced  steels  could  be  made  at  a  profit  and 
that  there  would  still  be  a  reasonable  hope  for  making 
some  of  the  lower-priced  steels,  provided  a  sufiiciently 
large  output  could  be  maintained. 

On  the  question  oi  smelting  I  have  confined  my  re- 
marks to  the  Stassano  Process  and  I  am  of  opinion  that 
a  process  of  this  description  has  great  possibilities  and 
deserves  serious  experimental  development.  There  are 
many  other  furnaces  now  being  used  or  tried  and  I  hope 
to  refer  to  some  of  them  in  a  separate  note.  Those  actual- 
ly in  commercial  use  are  essentially  of  the  nature  of  melt- 
ing and  refining  furnaces  and  are  not  working  on  the 
reduction  of  iron  ore.  A  number  of  furnaces  are,  however, 
engaged  in  the  reduction  of  iron  ore  to  pig  iron  on  a  more 
or  less  experimental  scale  and  the  results  of  the  trials  now 
being  made  will  be  watched  with  interest.  So  far  as  I 
am  aware,  no  serious  efforts  have  been  made  to  determine 
the  cost  of  converting  pig-iron  to  steel  in  an  electric  fur- 
nace and  this  is  a  most  important  part  of  the  combined 
process  upon  which  some  information  is  required.  I  have 
not  dealt  with  the  question  of  the  production  of  steel  from 
scrap,  but  the  cost  of  this  may  be  gathered  from  the  data 
given.  The  cost  depends  largely  on  the  price  of  scrap  of 
good  quality  and  I  am  unable  to  find  that  there  is  any 
large  supply  available  at  a  reasonably  low  price.  No 
doubt  there  is  a  good  deal  of  steel  scrap  in  India,  but 
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most  of  this  appears  to  find  a  ready  market  and  if  large 
quantities  were  required  the  price  would  probably  not  be 
below  50  to  60  shillings  per  ton.  At  such  prices  the 
production  of  steel  from  scrap  would,  I  believe,  be  more 
expensive  than  production  from  the  rich  and  cheap  ores 
of  Mysore. 

There  can  be  no  question  that  the  supply  of  ore  in  the 
Bababudan  Hills  is  amply  large  for  any  demands  which 
may   be   made   upon  it  and   that   while   the  quality  is 
very  good  indeed  the  cost  of  winning  will  be  remarkably 
low.     The  character  of  the  ore  also  appears  to  be  very 
fairly  uniform  and  this  would  be  enhanced  by  prop^ 
sampling  combined  with  the  crushing  and  bricquetting 
which  is  necessary  for  the  Stassano  Process.     It  would 
seem  therefore  that  under  such  conditions,  if  anywhere, 
a  direct  process,  such  as  that  of  Stassano,  should  have  a 
chance  of  success,  even  if  it  be  considered  that  it  would 
not  be  wholly  satisfactory  for  deaUng  with  the  varied 
classes  of  ore  obtainable  in  other  places. 

Whether  a  direct  process  for  the  manufacture  of  steel 
from  ore,  or  an  indirect  process  for  the  production  of  pig- 
iron  and  its  conversion  to  steel  may  eventually  prove  to 
be  the  most  suitable,  I  am  of  opinion  that  a  very  good 
case  has  been  made  out  for  some  serious  experimental 
work  in  Mysore  with  a  very  promising  chance  of  being 
able  to  establish  a  medium-sized  smelting  work  on  a  pro- 
fitable basis  for  the  production  of  the  higher-priced  steel 
goods  and  with  a  very  fair  possibility  of  being  able  to 
extend  this  into  a  larger  concern  capable  of  supplying 
some  of  the  commoner  forms  of  merchant  steel. 


MAP   OF   THE   BABABUDAN  IBON   ORE  AREA. 


(IN  POCKET.) 


NOTE  ON  MAP. 


le  enclosed  m&p  shows  the  general  diBtnbatioD  of 
ron  Ores  of  the  Bababudan  Hills  referred  to  in  these 
s  (vide  Part  II,  I,  pages  58-67).  The  map  is  on  a 
of  i^  miles  to  an  inch  and  has  been  compiled  largely 
the  work  of  Messrs.  H.  K.  Slater  and  P.  Sampath 
gar.  Assistant  Geologists, — the  former  of  whom  sur- 
J  the  northern  portion  of  the  area  and  the  latter  the 
lern  portion.  Detailed  reports  on  the  geology  of 
area  will  be  found  in  Volume  IX,  Part  II,  of  the 
irds  of  the  Mysore  Geological  Department. 
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OUTLINE  OF  THE  GEOLOGICAL 
HISTORY  OF  MYSORE. 


By  W.  F.  SMEETH,  d.sc,  a.r.s.m., 
Director,  Department  of  Mines  and  Geology. 

The  geological  formation  of  Mysore  is  confined,  almost 
entirely,  to  the  most  ancient  epoch  in  the  history  of 
the  earth's  crust  of  which  we  have  any  visible  and  tangible 
record.  This  epoch,  which  is  known  as  the  Ai'chsean 
Period,  was  long  anterior  to  all  the  great  sedimentary 
formations  in  which  fossil  records  of  the  gradual  evolu- 
tion of  plant  and  animal  life  have  been  preserved  and 
which  are  so  extensively  developed  in  Northern  India 
and  in  other  parts  of  the  world. 

The  tabular  statement  on  page  3  shows  the  order  of 
succession  and  relative  ages  of  the  formations  composing 
the  earth's  crust  amongst  which  the  limited  range  of 
the  rocks  composing  the  Mysore  plateau  may  be  noted. 

The  thickness  shown  for  each  formation  is  the  maxi- 
mum thickness  of  the  sediments  so  far  as  known  at  present 
and  the  figures  given  here  have  been  taken  from  the  Pre- 
sidential Address  to  the  Geological  Society  of  London,  in 
1909,  by  Prof.  W,  J.  Sollas,  ll.d.,  d.Sc,  f.r.s.  The 
age  or  duration  of  the  various  periods  is  based  on  the  as- 
sumption that  the  sedements  have  accumulated  at  the 
rate  of  1  foot  in  a  century,  and  although  no  great  accu- 
racy can  be  claimed  for  these  estimates,  they  may  be  use- 
ful as  affording  some  idea  of  the  lapse  of  time  covered  by 
the  Geological  Record. 

Note. — Much  of  the  evidence  on  which  this  account  of  the  geology  of 
Mysore  is  hased  has  appeared  from  time  to  time  in  the  Records  of  the  Mysore 
Geolo^ca]  Department.  A  {geological  map  of  the  State,  on  a  scale  of  8  miles 
to  an  mch  is  under  preporation  and  is  expected  to  issue  towards  the  end  of 
i915. 
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TABLE   OP  FORMATIONS 


TABLE  OF  FORMATIONS. 


Formations 


CainoMoie. 

Recent  and  Pleistocene 

Pliocene 

Miocene 

Oligooene 

Eocene 


Total 


MeaoBoie, 

Upper  Cretaceous 
Lower       do 
Jurassio 
Trias 


Total 

PaJaozoie. 

Permian 

Carboniferous     ... 
Devonian 
Silurian 


Ordoyician 
Cambrian 


Total 

Pre-cambrian 

Keweenawan 

Animikean 

Huronian 

Total 

(Archeean  Complex.) 
Lanrentian  (intrusive) 
Keewatin,  etc.    ... 


Thickness 
Feet 


4,000 
13,000 
14,000 
12,000 
20,000 


63,800 


24,000 

20,000 

8,000 

17,000 


69,000 


12,000 
29,000 
22,000 
16,000 


17,000 
26,000 


121,000 


Total  years 


6,880,000 


13,280,000 


25,880,000 


60,000(?) 

14,000 

18,000 


82,000 


38,680,000 


Remarks 


Man. 


Horses   and  larfi«r 
mammals  generally 


Gigantic  Reptiles. 
Birds     and    small 
mammals. 


} 


Indian  coal-mea- 
sures.   Reptiles. 

Land  Plants. 

Fresh  water  and 
terrestrial  inverte- 
brates. 

Fishes. 

Marine  invertebra- 
tes, (many  highly 
specialized). 


Organic       remains 
doubtful. 


Geology  of  Mysore 
-practically  oonfln- 
,  ed  to  this  period. 


4  oeologt  op  mysore 

Post  Arch.t;an  Geologt  of  Southern  India. 
The  story  nf  these  rockfl  is  fairly  well  known  and  has 
been  very  lucidly  summarized  by  Sir  Thomas  Holland  in 
the  delightful  chapter  on  the  Oeology  of  India  in  Vol.  I 
of  the  Imperial  Gazetteer.  At  the  filoae  of  the  Archapan 
period  Southern  India  formed  part  of  an  extensive  land 
area  composed  of  hi{:;hly  crushed  and  folded  Archsean 
rocks.  An  extremely  long  period  of  denudation  followed 
during  which  these  rocks  were  slowly  worn  down,  the 
upper  covering  of  Dharwar  schists  being  completely  re- 
moved in  places  and  the  underlying  gneisses  and  granites 
exposed.  In  plnces  the  sea  encroached  and  permitted 
the  accumulation  of  a  great  series  of  sediments  which 
was  subsequently  raised  to  form  land  and  somewhat 
crumpled  in  the  process.  The  remains  of  these  sediments, 
composed  largely  of  shales,  sandstones  and  limestones, 
nnw  fnrni  n,  nntnh  nbnii^  14  000  anna.rp  iililpB  in  arpA.  in 
t 
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is  no  trace  in  Southern  India  which  appears  to  have  for- 
med an  exceedingly  stable  buttress  of  the  earth's  crust, 
while  other  portions  of  the  ci'ust  were  continually  in  a 
state  of  flux,  being  alternately  depressed  below  the  sea 
and  raised  again  into  dry  land  many  times. 

Towards  the  close  of  the  Carboniferous  period,  there 
is  evidence  derived  from  the  distribution  of  land  fauna 
and  flora  that  Southern  India  formed  part  of  a  great 
continental  area  extending  to  Africa  and  on  to  South 
America  on  the  one  side  and  on  the  other  side  possibly 
to  Australia.  This  old  continent,  which  has  been  called 
Gondwanaland,  formed  a  barrier  between  a  southern 
ocean  and  a  great  central  Eurasian  sea  extending  from 
Asia  across  Northern  India,  where  the  Himalayas  now 
stand,  into  Europe,  and  of  which  the  Mediterranean  is  a 
small  relic. 

Towards  the  close  of  the  Carboniferous  period  the 
geological  record  is  again  taken  up  in  Southern  India. 
Denudation  had  been  slowly  wearing  down  the  old  Arch- 
aean and  Pre-cambrian  rocks  and  the  larger  rivers  had 
gradually  worn  their  valleys  down  to  near  their  base 
level  of  erosion  with  gradual  widening  of  the  valleys  and 
the  development  of  slowly  moving  rivers  and  large 
swampy  areas.  In  these  areas  large  tracts  of  fresh-water 
sediments  were  formed  which  included  the  debris  of  the 
luxurious  vegetation  of  the  coal  measures.  The  result 
was  the  accumulation  of  a  considerable  thickness  of  sedi- 
ments, known  as  the  Gondwana  formation — from  Permo- 
carboniferous  to  Jurassic  times — of  which  various  small 
patches  have  been  preserved  along  the  eastern  side  of  the 
Peninsula.  The  lower  portion  of  this  formation  consti- 
tutes the  coal  measures  of  India,  and  in  the  south  the 
most  important  patches  are  those  of  the  Godaveri  valley 
which  include  the  Singareni  coal  field. 

At  the  close  of  the  Gondwana  epoch,  slight  alterations 
in  level  permitted  encroachments  of  the  sea  of  which 
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records  are  preserved  in  small,  but  extremely  interesting, 
deposits  at  Trichinopoly,  Cuddalore  and  Pondicherry 
containing  marine  fossils  of  Cretaceous  age.  After  this 
the  record  is  scanty  and  uneventful  and  comprises  a  few 
beds  of  presumed  Tertiary  age  in  Travancore,  the  Cud- 
dalore Sandstones  of  the  East  Coast  from  Vizagapatam 
to  Tinnevelly — of  Pleistocene  age — and  the  various  recent 
blown  sands,  alluvium  and  soils  of  the  coastal  strips. 

As  a  contrast  to  this  peaceful  story,  it  may  be  noted 
that  towards  the  end  of  the  Cretaceous  period  the  old 
Gondwana  continent  began  to  break  up  and  the  land 
connection  between  Southern  India  and  Africa  disappear- 
ed under  the  sea.  In  the  North  of  India  a  great  series 
of  movements  began  about  the  same  time,  extending 
into  the  Tertiary  period,  which  resulted  in  the  gradual 
rise  of  the  Himalaya  and  the  driving  back  of  the  central 
sea  towards  its  present  Mediterranean  limits.  These 
movements  were  accompanied  by  igneous  action  on  a 
gigantic  scale  of  which  the  most  striking  memento  is  to 
be  found  in  the  lava  flows  forming  the  Deccan  Trap,  the 
remains  of  which  form  a  horizontal  layer  covering  an 
area  of  200,000  square  miles  in  Bombay,  Central  India 
and  Hyderabad. 

In  Southern  India,  therefore,  if  we  exclude  the 
coastal  strips  we  have  an  area  which  is  formed  almost 
entirely  of  the  most  ancient  series  of  rocks  of  which  any 
visible  record  exists,  and  this  appears  to  have  remained 
uncovered  by  any  more  recent  formation — and  almost 
without  movement — during  the  whole  of  the  vast  period 
represented  by  the  fossiliferous  formations  of  other  parts 
of  the  crust  of  the  earth. 

With  this  very  brief  glance  at  the  post-Archsean 
geology  of  Southern  India  we  may  now  turn  back  to  con- 
sider the  nature  of  the  immensely  old  Archaean  complex 
as  exhibited  in  Mysore — which  comprises  an  area  of 
pibout  29,000  square  miles — and  in  doing  so  we  shall  en- 
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The  schists. 


deavoar  to  take  the  components  in  the  order  of  their  for- 
mation, starting  with  the  oldest. 

The  Dharwar  System. 

The  oldest  rocks  recognized  in  Mysore  are  the 
Dharwar  schists  which  appear  to  possess  a  close  resem- 
blance to  the  Eeewatin  formation  of  North  America.  In 
other  parts  of  India  certain  gneisses  and  schists — such  as 
the  Bengal  gneiss  and  the  Khondalites  of  Yizianagram 
— are  considered  to  be  older  than  the  great  mass  of  the 
Peninsular  Gneiss  and  possibly  of  pre-Dharwar  age. 
Clear  evidence  on  the  latter  point  is  however  lacking, 
and  in  Mvsore  no  rocks  older  than  the  Dharwars  have 
been  recognized. 

The  Dharwar  schists  are  largely  composed  of  lava 

flows,  associated  igneous  intrusions 
and   their   crushed    representatives. 

The  base  of  the  system  is  not  visible  as  it  has  been 
removed  by  the  intrusion  of  the  underlying  granites  and 
gneisses.  On  lithological  grounds  the  system  can  be 
divided  into  a  lower  and  an  upper  division  without  any  per- 
ceptible break  or  unconformity  between  them.  The 
lower  division  is  composed  essentially  of  dark  hornblendic 
rocks — such  as  hornblende  schist  and  epidiorite — which 
are  probably  metamorphosed  basalts  and  diabases  in  the 
form  of  lava-flows,  sills,  etc.,  and  very  possibly  some 
pyroclastic  accumulations.  The  upper  division  is  more 
varied  and  consists  largely  of  rocks  characterised  by  the 
presence  of  chlorite — such  as  greenstones  and  chlorite 
schists  and  less  commonly  mica-chlorite  schists  and  mica 
schists.  Many  of  the  greenstones  still  exhibit  igneous 
characters  and  appear  to  pass  insensibly  into  chlorite 
schists.  In  places  the  micaceous  members  also  appear 
to  grade  into  rocks  of  recognizably  igneous  character. 

Taken  as  a  whole  the  Dharwar  rocks  afford  evidence 
of  very  extensive  igneous  action  and  many  of  the  more 
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schistose  forms  can  be  regarded  as  highly  crushed  and 
altered  igneous  rocks.  Whether  amongst  the  more 
schistose  members  tliere  are  rocks  of  sedimentary  origin 
remains  doubtful,  as  clear  evidence  is  wanting,  but  it 
does  not  soem  impossible  that  all  of  these  rocks  niay  have 
been  derived  from  igneous  material  by  metamorphic  action. 

Apart  from  the  undoubtedly  igneous  types  and  these 
doubtful  schistose  typos,  the  system  contains  a  number 
of  other  types,  the  physical  and  chemical  characters  of 
which  cause  them  to  stand  out  more  prominently  than 
their  actual  abundance  would  otherwise  warrant.  These 
are  conglomerates,  banded-ferruginous  quartzites,  quart- 
zites  and  limestones,  all  of  which  would  usually  be  re- 
garded as  indicative  of  sedimentary  action,  and  if  such 
action  were  admitted  in  the  case  of  these  associated  types 
it  would  go  far  towards  easing  the  way  for  accepting  a 
sedimentary  origin  for  many  of  the  more  obscure  highly 
schistose  rocks  associated  with  them. 

The  more  closely  the  conglomerates  of  Mysore  are 

studied  the  less  probable  does  their 

Confflomeratcs.  \ 

sedimentary  origin  appear  to  be- 
come.  In  many  cases  there  is  satisfactory  evidence  that 
they  are  crush-conglomerates  formed  in  shear  zones  in 
the  schists  or  in  one  of  the  subsequent  gneisses  or  in 
both.  Other  cases  which  have  not  been  closelv  studied 
may  still  be  open  to  question  but,  on  the  whole,  evidence 
favours  the  view  that  their  origin  is  autoclastic  and  not 
sedimentarv. 

The  problem  of  the  banded  ferruginous  quartzites 
Banded    ferruginous      pi'osents  much  greater  difficulty  owing 
quartzites.  largely  to  the  fact  that  their  contacts 

with  other  rocks  are  very  obscure.  Owing  to  their 
weather-resisting  qualities  the  adjoining  rocks  are  gene- 
rally weathered  and  generally  also  obscured  by  a  talus  of 
quartzite  blocks.  Contacts  are  therefore  seldom  observed, 
^ud  when  found  are  usually  non-commital. 
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These  rocks  occur  in  extensive  beds  or  bands  in  botli 
the  lower  and  upper  division  of  the  Dharwars — being 
rather  more  extensively  developed  in  the  latter.     Fre- 
quently folded  at  steep  angles  there  is  little  doubt  that 
they  were  once  practically  horizontal.     On  part  of  the 
Bababudan  hills  there  is  a  capping  of  these  rocks  which 
is    comparatively    horizontal,    with    moderate     undula- 
tions, and  which  is  still  from  200  to  300  feet  in  thickness. 
They  are  composed  mainly  of  alternating  bands  of  finely 
granular  quartz — sometimes  extremely  fine — and  magne- 
tite.    Haematite  is  usually  present  and  often  increases,  to 
the  practical  exclusion  of  magnetite,  towards  the  weathered 
surfaces.     This  widely  distributed  series  does  not  appear 
to   be   associated    with    coarser   clastic    or   sedimentary 
material  such  as  might  be  expected   to  occur  if  it  was 
formed  of  ordinary  sediments  with  a  tendency  to  become 
coarse  in  the  neighbourhood  of  shore  lines.     On  the  other 
hand,  bands  of  it  are  found  to  alternate  sharply  with  un- 
doubtedly igneous  material  in  the  shape  of  basic  flows 
and  sills.     On  account  of  these  difficulties  some  American 
geologists  consider  that  the  corresponding  rocks  in  the 
Lake  Superior  region  were  formed   in  tranquil  water, 
mainly  as  chemical  precipitates,  and  that  the  associated 
lava  flows  were  sub-aqueous  flows.     This  interesting  and 
ingenious  hypothesis  would  tend  to  render  a  considerable 
proportion  of  the  Dharw'ar  flows  sub-aqueous  owing  to 
the  numerous  layers  of  the  banded  ferruginous  rocks  and 
to  the  absence  of  conglomerates  and  coarse  sedimentary 
material  in  the  intervening  zones,  such  as  might  be  ex- 
pected to  be  formed  during  a  change  from  sub-aqueous 
to  sub-aerial  conditions.     On  the  other  hand,  if  the  series 
is  not  of  sedimentary  or  chemical  origin,  it  is  extremely 
difficult  to  find  a  satisfactory  explanation  for  it  on  ac- 
count of  the  completeness  of  the  metamorphism  and  the 
difficulty  of  finding  good  contacts.     It  is  not  impossible 
'that  these  banded  rocks  represent  sills  of  highly  ferrugi- 
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nous  character  subsequently  altered  to  quartz  and  mag- 
netite or  even,  in  some  cases,  sills  of  a  quartz-magnetite 
rock  such  as  will  be  referred  to  later  in  connection  with 
the  Charnockite  series.  Whatever  the  origin  of  these 
rocks,  there  can  be  little  doubt  that  their  banded  character 
is  largely  secondary.  As  to  their  sedimentary  or  aqueous 
character,  definite  proof  is  lacking,  but  the  great  concen- 
sus of  opinion  is  in  favour  of  such  a  view. 

We  may  now  pass  to  the  quartzites,  some  of  which 

are  practically  all  quartz,  while  some 
are  felspathic  and  some  micaceous. 
There  is  considerable  doubt  to  what  extent  these  can  be 
regarded  as  the  metamorphosed  representatives  of  sedi- 
mentary sandstones.  There  is  a  great  variety  of  types 
and  they  appear  to  be  of  different  ages.  Many  of  the 
beds  originally  mapped  as  quartzite  have  proved  on  close 
examination  to  be  altered  and  silicified  quartz -porphyries 
some  of  which  retain  enough  of  the  prophyritic  character 
to  be  recognizable.  Others,  entirely  quartzose,  are  oc- 
casionally found  to  exhibit  intrusive  contacts  with  ad- 
joining rocks,  while  others  of  a  later  date  penetrate  the 
subsequent  granitic  gneiss  and  even  pass  from  the  gneiss 
into  the  schists. 

There  can  be  little  doubt  that  many  of  these 
quartzites  are  crushed  and  recrystallized  quartz-veins 
and  quartz-porphyries,  and  possibly  felsites,  and  it  is  at 
least  open  to  question  whether  we  have  any  which  are 
genuine  sedimentary  rocks. 

Finally   there  are   a   number   of  beds  or  bands  of 

limestone  or  dolomite  which  ordi- 
narily would  be  regarded  as  of 
aqueous  origin.  They  are  most  numerous  in  the  upper, 
chloritic  division,  and  it  may  be  noted  that  a  large 
number  of  the  greenstone  and  chlorite-schist  beds  are 
characterised  by  an  abundant  development  of  calcite, 
dolomite,    or  ferro- dolomite    not  only  in   the  doubtful 
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schistose  members,  but  also  in  those  which  are  distinctly 
igneous.  In  addition,  some  of  the  gneissic  granite  bands 
associated  with  the  schists  develop  calcite  which  in  places 
becomes  extremely  abundant.  By  development  of  calcite, 
chiefly  at  the  expense  of  the  felspars,  we  get  a  series  of 
rocks  which  approach  limestone,  and  near  by  we  have 
limestone  bands  sometimes  very  siliceous  or  chloritic  and 
sometimes  comparatively  pure.  The  association  is  sug- 
gestive, though  it  is  not  clear  that  a  continuous  series 
has  been  detected,  and  possibly  the  pm'er  limestone  bands 
have  been  concentrated  along  fissures  or  zones  of  weak- 
ness. The  proof  that  these  beds  have  been  so  formed  is 
naturally  difficult,  but  there  is  much  to  suggest  it. 

To  sum  up — we  have  in  the  Dharwar  System  in 
Mysore  a  great  series  of  lava-flows,  sills,  etc.,  and  their 
crushed  schistose  representatives ;  associated  with  these 
are  various  doubtful  schists  which  are  more  usually  re- 
garded as  sedimentai-y,  but  which  may  possibly  be 
igneous.  There  are  also  a  number  of  subordinate  bands 
or  layers  of  more  distinctly  sedimentary  habit,  such  as 
conglomerates,  banded  ironstones,  quartzites  and  lime- 
stones which  are  almost  universally  regarded  as  of  sedi- 
mentary origin,  but  which  are  regarded  in  Mysore  as 
probably  formed  from  igneous  material  by  metamorphic 
and  metasomatic  changes.  In  some  cases  there  is  strong 
evidence  for  this,  but  conclusive  proofs  are  difficult  to 
find,  and  many  more  instances  will  be  required  before 
such  a  proposition  can  be  stated  in  general  terms. 

Passing  now  from  these  components  of  the  Dharwar 

System,  we  come  next  to  a  series  of 
rocks  which  may  be  classed  as 
ultra-basic.  These  consist  of  amphibolites — often  in  the 
form  of  actinolite  or  tremolite  schists — amphibole-peri- 
dotites,  peridotites  and  dunites  with  their  alteration  pro- 
ducts potstone,  serpentine  and  magnesite.  They  appear 
to  be  sills,  dykes  and  intrusive  bosses  in  the  mass  of  the 
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schists  and  are  regarded  as  belonging  to  the  Dharwar 
System  on  account  of  the  evidence  of  their  having  been 
cut  oflf  and  broken  up  by  the  subsequent  intrusive  gneiss. 
They  are  of  importance  for  their  mineral  contents  and 
contain  considerable  deposits  of  iron-ore,  chrome-ore 
and  magnesite.  It  is  very  probable  that  the  Chalk  Hills 
of  Salem,  which  are  conspicuous  on  account  of  the  abun- 
dance of  veins  of  white  magnesite,  belong  also  to  this  series. 
Finally,  we  have  some  large  intrusive  masses  of 
^  ^    .  diabasic  or  dioritic  character  which 

Other  intrutives. 

appear  to  be  later  than  many  of  the 
rocks  already  mentioned,  but  prior  to  the  gneiss  and  so 
regarded  as  of  Dharwar  age. 

At  the  close  of  the  Dharwar  age,  the  whole  of  South- 
ern India  was  covered  with  a  mantle  of  these  Dharwar 
rocks  several  thousand  feet  in  thickness,  but  successive 
intrusions  of  granite  from  below  gradually  i)enetrated  or 
ate  into  the  over-lying  mantle  and  this,  combined  with 
folding  and  faulting,  caused  the  lower  surface  of  the 
mantle  in  contact  with  the  granites  to  become  a  very 
uneven  one.  Subsequent  denudation  for  many  millions 
of  years  removed  the  greater  portion  of  the  mantle  of 
Dharwars,  with  the  result  that  we  now  see  the  under- 
lying granite  and  granitic  gneisses  exposed  at  the  surface. 
The  comparatively  narrow  strips  of  the  Dharwar  schists 
which  still  remain  are  but  the  deeper  fragments  of  the 
once  thick,  continuous  layer. 

The  total  area  of  the  Dharwar  schists  in  Mysore  ia 

Distribution  of  the  nearly  5,000  sq.  miles   representing 

**^''*****  approximately  one-sixth  of  the  area 

of  the  whole  State  and  is  distributed  mainly  as  follows : — 

(1)  Kolar  Schist  Belt, — Situated  near  the  eastern 

side  of  the  State  in  the  Kolar  District.     It 

extends  north  and  south  for  about  40  miles, 

with  a  maximum  width  of  4  miles,  the  total 

,  .  -area  being  about  100  sq.   miles.  -     - 
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It  is  composed  entirely  of  the  dark  hornblendic  rocks 
of  the  lower  division  of  the  Dharwar  schists  with  some 
banded  ferruginous  quartzites  close  to  its  eastern  and 
western  edges  and  some  bands  of  amphibolite  some  of 
which  are  intrusive. 

The  Kolar  Gold  Field  is  contained  within  a  length 
of  5  miles  towards  the  southern  end,  and  the  workings 
a»re  now  approaching  a  vertical  depth  of  1  mile  below 
surface. 

Indications  of  gold  have  been  found  further  north 

« 

at  various  points,  but  successful  working  has  not  yet 
been  established. 

(2)  Chitaldrug  Schist  Belt. — This  runs  through 
the  middle  of  the  State  with  a  N.N.W  trend 
in  the  Chitaldrug  District,  where  it  has  a 
maximum  width  of  25  miles,  and  passes  south- 
wards through  the  Tumkur  and  Mysore  Dis- 
tricts  in   which   it    becomes   split   up    into 
narrow  bands  finally  disappearing  a  few  miles 
south   of  Seringapatam.     The  belt  extends 
north  of  the  State  into  the  Bombay  Presi- 
dency,  the   total    length    in   Mysore   being 
about  1 70  miles   and  the  area  nearly  2,000 
sq.  miles. 
The  main  portion  of  the  Belt  is  composed  of  ohlo- 
ritic  schists  of  the  upper  division,  but  at  the  sides  and  in 
some  of  the  narrower  bands  in  the  Mysore  District  there 
are  considerable  masses  of  the  dark  hornblendic  schists. 
Numerous  bands  of  ferruginous  quartzite  occur  through- 
out the  belt  and  quartzites  are  abundant  in  places.     To- 
wards the  western  side,  in  the  Chitaldrug  and    Tumkur 
Districts,    are    numerous  bands    of    limestone — chiefly 
magnesian — and  numerous  bands  and  patches  of  iron  and 
manganese  ores.     The  iron  ores  are  mostly  soft  haematites 
and  limonites  and  the  manganese  ores  are  mostly  highly 
ferruginous. 
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(3)  Sundry  small  bands  and  patches  of  the  older 

homblendic  schists  occur  in  the  Hassan 
District  and  are  noticeable  chiefly  for  the 
number  of  sills,  dykes  or  intrusive  masses 
of  amphibolite  and  peridotite  with  which  are 
associated  iron  and  chrome  ores  and  magne- 
site.  The  better  classes  of  chrome  ore  and 
magnesite  occur  further  south  in  small 
patches  of  peridotite  and  dunite  in  the  Mysore 
District. 

(4)  Shirnoga  Schist  Belt, — This  occupies  a  large 

part  of  the  Kadur  and  Shimoga  Districts  and 
extends    northwards    through   the  Dharwar 
District    of    the    Bombay    Presidency.     In 
Mysore  it  is  broken  up  into  a  number  of 
large    irregular    patches    separated    by   the 
later  granites  and  gneisses,  the  total  schist 
area  being  between  2,600  and  3,000  square 
miles.     The  dark  homblendic  schists  occur 
chiefly  along  the  Western  ghats  and  around 
the  Bababudan  hills  while  the  areas  around 
Ubrani,  Koppa,   Kumsi  and  Shikarpur  con- 
sist   very    largely    of  chlorite    schists  and 
greenstones  with  some  mica  schiste. 
Quartzites  of  various  kinds  are  abundant  and  very 
noticeable,  and  numerous  bands  of  magnesian  limestone 
occur   in   the   Ubrani,  Channagiri   and   Kumsi   schists. 
Banded  ferruginous  quartzites  are  abundant  and  large 
quantities  -of  hsBmatite   and   limonite  occur   along  the 
eastern  hills  of  the  Bababudan  chain.     Gold  is  widely 
distributed  but  the  lenses  or  veins  of  ore,  though  often 
rich,  are  small  and  lack  continuity,  and  successful  mining 
has  not  been  established. 

Manganese  ores  are  widely  distributed  in  the  chlori- 
tic  schists  but  many  of  the  deposits  are  small.  Some  of 
the  deposits,    however,  are  of  considerable  extent  and 
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Champion  imclji*. 


Bome  300,000  tons  of  ore  have  been  mined  and  exported 
already.  The  ore  is  of  fairly  high  quality  and  there  are 
also  very  large  quantities  of  more  highly  ferruginous 
ores  which  cannot  be  exported  or  utilized  at  present. 

(5)  In  addition  to  the  above,  small  shreds,  patches 
and  fragments  of  the  various  schists — chiefly 
those  of  the  lower  hornblendic  division — are 
widely  scattered  throughout  the  later  intru- 
sive gneisses  and  granites. 

Granites  and  Gneisses. 

With  this  brief  notice  of  the  Dharwar  System,  we 
may  pass  on  to  the  subsequent  granites  and  gneisses 
which  now  occupy  by  far  the  greater  parfc  of  the  whole 
area. 

The  earliest  of  these  is  a  comparatively  fine  grained 

micaceous  gneiss  with  bands  and 
veins  of  coarser  granite,  pegmatite 
and  quartz.  It  is  usually  highly  crushed  and  frequently 
contains  zones  of  conglomerate  composed  not  only  of 
round  to  sub-angular  fragments  of  the  various  granitic 
materials  but  also  patches  and  lumps  of  the  adjacent 
Dharwar  rocks  including  the  banded  ferruginous  quart- 
zites.  This  gneiss  was  first  recognized  as  a  wide  band 
near  the  eastern  edge  of  the  Kolar  hornblendic  schists 
into  which  it  intrudes  in  tongues.  Some  distance  south 
of  the  Mysore  mine,  the  gneiss  extends  across  the  strike 
of  the  schists  and  then  continues  southwards  near  the 
western  edge  of  the  schist  belt.  From  south  of  the 
Mysore  mines  it  sends  some  tongues  northwards  into  the 
schists  which  are  soon  lost  on  surface,  but  some  of  them 
have  been  recognized  in  the  deeper  workings  of  the 
Mysore  mine  a  mile  or  so  to  the  north  of  the  outcrops. 
The  gneiss  is  often  characterized  by  the  presence  of  grains 
or  blebs  of  opalescent  quartz,  the  colour  varying  from  a 
slight  bluish  milkiness  to  brown  or  dark  grey,  and  has 
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been  referred  to  as  opalescent-quartz  gneiss.  As  a  less 
cumbersome  name  and  on  account  of  its  intimate  and 
probably  genetic  connection  with  the  auriferous  veins  of 
the  Champion  lode  of  the  Kolar  Gold  Field,  it  is  proposed 
to  call  it,  for  the  time  being,  the  Champion  gneiss. 
Other  patches  of  what  is  believed  to  be  the  same  gneiss 
have  been  recognised  more  recently  in  the  Shimoga, 
Chitaldrug  and  Kadur  Districts,  and  several  of  these 
contain  or  form  friction-breccias  or  agglomerates  which 
at  one  time  were  regarded  as  undoubtedly  sedimentary 
conglomerates. 

The  Champion  gneiss  represents  a  very  early  period 
of  granitic  intrusion  into  the  Dharwar  schists.  Many  of 
the  highly  crushed  quartz-porphyries  or  fine  granite-por- 
phyries which  have  been  alluded  to  as  occurring  in  bands 
among  the  Dharwar  schists  also  contain  similar  opales- 
cent quartz-blebs  or  phenocrysts  and  may  very  possibly 
be  genetically  connected  with  this  early  Champion 
gneiss. 

The  remnants  of  the  latter  are  not  very  extensive, 
and  there  is  evidence  of  their  having  been  intruded  and 
cut  off  by  the  next  succeeding  formation  which  is  the 
great  gneissic  complex  of  Mysore  and  probably  of  South- 
ern India  as  a  whole. 

Until  recently  this  gneissic  complex  has  usually  been 
regarded  as  the  oldest  formation  of  Peninsular  India  and 
the  term  "fundamental,"  which  has  been  freely  applied 
to  it,  has  usually  carried  with  it  the  idea  that  it  is  the 
basement  rock  on  which  all  the  others — including  the 
Dharwars — have  been  laid  down.  Detailed  work  over 
the  greater  portion  of  Mysore  has  shown  that  this  is  not 
the  case  and  that  this  great  gneissic  complex  is  every- 
where intrusive  into  the  Dharwar  schists  and  the  Cham- 
pion gneiss.  It  seems  desirable,  therefore,  to  avoid  the 
use  of  the  word  *' fundamental,"  and  as  the  complex  is 
probably  the  most   extensive   formation  of  Peninsular 
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Peninsular  Onels*. 


India  it  is  proposed  to  call  it  the  "  Peninsular 
gneiss.''  (^) 

This  Peninsular  gneiss  which  underlies  and  intrudes 

the  Dharwar  System  and  the  Cham- 
pion gneiss  is  a  complex  of  various 
granites,  but  so  protean  that  no  adequate  description  can 
be  given  here.  It  is  the  most  extensive  and  widely 
distributed  rock  in  the  State  and  is  used  largely  for 
building  and  structural  purposes.  The  various  granites, 
of  which  three  are  often  distinctly  recognizable,  give 
evidence  of  successive  intrusion  and  the  fact  that  the 
earlier  forms  contain  their  own  pegmatites,  which  are 
truncated  by  subsequent  forms,  points  to  a  long  continued 
period  of  plutonic  activity.  Frequently,  the  various  mem- 
bers mingle  either  by  repeated  injection  or  absorption 
or  crushing  and  shearing,  and  we  get  zones  or  areas  which 
are  highly  banded  or  crushed  or  with  complex 
flow  structure.  Other  portions  are  more  homogeneous 
and  appear  as  granite  masses.  Amongst  these  latter  are 
some  which  may  be  definitely  later  in  age  than  the  gneiss 
as  a  whole,  but  it  is  often  difficult  to  decide  one  way  or 
the  other. 

Evidence  of  the  intrusion  of  the  Peninsular  gneiss 
into  the  Dharwar  Schists  is  abundant  and  the  former 
bristles,  to  a  variable  extent,  with  lenses,  patches,  and 
fragments  of  the  Dharwars  chiefly,  as  might  be  expect- 
ed, belonging  to  the  lower  or  hornblendic  division. 

It  would  take  too  long  to  enter  into  any  account  of 
the  evidences  of  intrusion  or  of  the  contact  metamor- 
phism  of  the  schists,  and  we  may  pass  on  to  the  next 
formation  succeeding  the  Peninsular  gneiss. 

(1)  The  suggestion  that  the  term  *^fundame7ttal'^  might  he  altered  to 
something  else  was  made  to  me  by  Dr.  H.  H.  Hayden,  c.i.E.,  Director  of  the 
Geological  Survey  of  India,  who  pointed  out  that  some  people  still  regarded 
this  great  gneissic  complex  as  tne  oldest  basement  rock  of  the  Peninsula. 
It  is  not  impossible  that  some  particular  gneiss  may  be  shown  to  be  older 
than  the  Dharwars,  and  in  the  event  of  such  being  found,  the  term  "  funda- 
mental "  might  suitably  be  applied  to  it. 

W.  F.  S. 
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This  next  formation  13  itself  highly  complex,  but, 
chvBockit*  thanks  to  the  genius  of  Sir  ThomM 

Holland,   it  can   be    recorded    and 
summarily  dismissed  with  the  name  Charnockite.'     It  is  a 
huge  plotonic  complex,  characterized  chiefly  by  the  pre- 
sence of  hypersthene,  in  which  the  alternating  bands, 
frequently  steeply  inclined,  vary  from  an  acid  hypers- 
thene-granite  through   various   intermediate    forms    to 
hypersthene-norites  and   hypersthenites.      These  rocks 
form   the  great  mass  of  the   Nilgiris   to    the    south  of 
Mysore  and  come  into  Mysore  on   its  eastern,  southern 
and  western   borders  where   they   are   found    distinctly 
penetrating  the  Peninsular  gneiss  both  as  tongues  and 
ae '     "    '  ' 
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the  continuation  of  the  chain  northwards  through  the 
Tumkur  and  Chitaldrug  Districts.  Like  most  of  the 
plutonics  of  Southern  India  it  also  is  complex  and  is 
composed  of  a  mixture  of  red  and  grey  granites,  some- 
times coarse,  sometimes  porphyritic,  and  sometimes  so 
intermingled  or  deformed  as  to  become  gneiss.  It 
intrudes  all  the  pi*eviously  mentioned  formations  including 
the  Charnockite.  It  is  probable  that  other  isolated 
masses  in  Mysore — for  instance  Chamundi  Hill  and  the 
Arsikere  and  Banavar  masses — may  belong  to  the  same 
age,  and  it  is  possible  that  the  ornamental  porphyry 
dykes  of  Seringapatam  may  be  phases  of  this  intrusion. 

This  completes  the  distinct  members  of  the  Archaean 
complex  which  have  been  definitely  recognized  in  Mysore, 
— with  the  exception  of  various  hornblendic  and  other 
basic  dykes  which  need  not  be  referred  to  here. 

Subsequent   to   the   formation   and  folding  of  the 

Archaean  complex,  the  whole  country 
has  been  traversed  by  a  series  of 
basic  dykes — chiefly  dolerites — which  from  their  fresh- 
ness and  the  absence  of  deformation  are  regarded  as  post- 
Archsean,  and  it  has  been  suggested  that  they  may  be 
of  Cuddappah  (Animikean)  age. 

The  only  other  rock  formation  in  Mysore  is  laterite 

which  is  of  comparatively  recent 
(possibly  Tertiary)  formation  and 
forms  a  horizontal  capping  on  the  upturned  edges  of  the 
much  denuded  Archaeans.  There  is  little  doubt  that  it 
is  mainly  an  alteration  product  of  the  underlying  rocks, 
but  the  subject  is  too  complex  and  variable  to  permit  of 
further  reference  to  it  here. 


Dyke*. 


Laterite. 


Tabular  View  op  Mysore  Eocks. 

The  foregoing  sequence  of  events  in  the  history  of 
the  rocks  of  the  Mysore  plateau  may  be  exhibited  in  the 
following  tabular  statement :—  • 
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1.  Becent  soils  and  gravels. 

m  ^-  I  2.  Laterite.   Horizontal  sheet  capping  ArcbaBans. 

Pre-Gam- 

brian         •  3.  Basic  Dykes.  Chiefly  various  Dolerites. 
(Animikean)^ 

Great  Eparchaan  IntervaL 

4.  Felsite  and  Porphyry  dykes. 

5.  Closepet  Granite  and  other  massifs  of  corres- 
ponding age. 

6.  Chamockite,  Norite  and  Pyroxenite  dykes. 

7.  Ghamockite  massifs. 

8.  Various  bornblendic  and   pyroxene  granulite 
dykes. 
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9  Peninsular    gneiss. 
10.  Ghampion  gneiss. 


Granite     and     gneissic 

complex. 
Granite  porphyry,  mi- 
caceous gneisses,  felsi- 
tes  and  quartz  propby- 
ries  usually  containing 
opalescent  quartz  and 
fre(iuently  associated 
witi)  autoclastic  con- 
glomerates. 
Erupti vc  Unconfonn ity. 


11.  Upi3or  (chloritic) 
division.  (Green- 
stones and  chlorite 
schists). 


12.  Lower   (homblen- 
dic)  division. 

(Epidiorites    and 
bornblendic 
schists). 

(Unknown). 


Including  also : — 

Amphibolites,  peridoti- 
tes,  etc.,  mostly  in- 
trusive. 

Gonglomerates  (auto- 
clastic). 

Banded  -ferruginous- 
quartzites  ;       origin 
doubtful,        possibly 
igneous. 

Quartzites  and  quartz- 
schists,  mostly  in- 
trusive. 

Limestones :  probably 
secondary. 

Mica  schists ;  metamor- 
phic  igneous. 

Intrusive  masses  o{ 
dioritic  and  diabasic 
character. 
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It  will  be  seen  that  the  main  features  of  the  geolo- 
gical history  of  the  Mysore  plateau  belong  to  a  very 
remote  and  hoary  past — a  past  contemporaneous  with  the 
very  earliest  period  of  formation  of  the  crust  of  the  earth 
of  which  we  have  any  geological  record.  Very  possibly 
it  was  a  period  anterior  to  the  dawn  of  life,  though  this 
is  by  no  means  certain.  At  any  rate,  it  was  long  anterior 
to  the  formation  of  all  those  great  sedimentary  systems 
in  which  the  geological  records  of  the  evolution  of  life 
from  earlier  to  later  forms  have  been  preserved  and  which 
are  found  but  sparingly  represented  along  the  coastal 
margins  of  Peninsular  India. 

All  the  central  portion  of  Southern  India  revelled  in 
a  long  orgy  of  igneous  activity  in  the  early  dawn  of  geo- 
logical history,  as  witnessed  by  the  character  of  the 
Archaean  complex  which  has  been  faintly  indicated. 
Once  this  orgy  was  over  and  the  great  crushing  and 
folding  movements  which  accompanied  it  had  ceased — 
possibly  something  like  40  or  50  million  years  ago — the 
country  settled  down  to  a  prefectly  steady  and  uneventful 
course  of  denudation — almost  a  lethargy  from  which  it 
has  not  yet  awakened. 
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Geology  of  the  Kotemaradi  block,  Chitaldriig  District.  Notes  on  the 
Ajjampur  Mining  Block,  Katlur  District.  Reix)rt  of  the  Chief  In- 
spector of  Mines  in  Mysore  for  1897, 
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Part  i.— General  Report  for  1898  and  1899. 
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Notes  on  Geological  work  in  the  Gundlupet  Taluk.  The  distri- 
Imtion  of  laterite  in  the  Kolar  District.  Geology  of  the  Chitaldnig 
and  Tumkur  Districts  with  map.  Reix)rt  on  prospecting  work  in 
parts  of  Chitaldrug  and  Tumkur  Districts.  Preliminary  report  on 
geological  work  in  the  Shimoga,  Honnali  and  Shikarpur  Taluks,  with 
map.  Geological  notes  in  the  Hassan  District.  Notes  on  a  tour 
across  the  State  from  the  Kolar  District  to  the  Jog  falls.  Reports 
on  the  site  for  the  Marikanave  Dam  with  map.  Reports  on  the 
samples  of  water  from  Marikanave  with  Analyses. 
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Part  i. — General  Report  for  1900  and  1901.  Short  review  of  geological 
work  in  the  Kolar,  Tumkur,  Mysore  and  Chitaldrug  Districts. 
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gal.  Petrological  notes  on  altered  ultmbasic  dykes  near  Turuvekere. 
Limestone  conductions  in  Nanjangud  Taluk.  Geology  of  Hosdurga 
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Products. 
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(Out  of  Print) 
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and  Tarikere  areas ;  Honnali  and  Channagiri  Taluks. 

Part  a. — Preliminary  report  on  parts  of  Tumkur,  Bangalore  and  Kolar 
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site,  Mysore  District.  Asbestos  near  Bangalore.  Occurrence  of 
manganese  ore  near  Madadkere,  Hosdurga  Taluk.  Economic 
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Vol.  V,  1903-04. 

Part  1. — General  reix>rt  for  1903-04.  Inspection  notes  of  the  State 
Geologist  on  the  Kolar  Schists,  tlie  Biligiri  Rangan  hills,  the  Bellara 
and  the  Bodimaradi  gold  mines,  and  on  the  Javanhalli  and  Chital- 
drug Schist  l)elts.  Notes  on  Sakrebail,  Shankargudda  and  Kumsi 
areas.  Traverse  notes  between  Kallurkatte  and  Kodashadri,  Shimoga 
District. 

Part  V. — Report  on  the  Eastern  i)ortion  of  the  Chitaldrug  schist  belt 
lying  between  Aimangala  and  Nittur.  The  Javanhalli  Schist  belt 
with  a  map.  A  Preliminary  geological  report  on  parts  of  Shimoga 
and  Kadur  Districts  comprising  Kodashadri,  Agumbe,  Lakvalli  and 
Shankargudda  areas  with  a  map.  Asbestos  occurrences.  Mica  at 
Hardur  and  at  Chikkanhalli.  Old  workings  for  gold  in  Hole-Narsi- 
pur  and  Channarayapatna  Taluks.  Pyrites,  apatite  and  other  mineral 
occurrences. 

Vol.  VI,  1904-05, 

Part  i. — General  reix)rt  for  1904-05. 

Part  2. — Geology  of  parts  of  Tarikere,  Channagiri  and  Shimoga  Taluks 
with  a  map.  Gangur  and  Ubrani  iron  ores.  Mineral  resources  of 
Mysore  and  Kadur  Districts.  Summary  of  geological  work  in  My- 
sore and  Tumkur .  Districts.  Malvalli  iron  ores  (second  notice). 
Traverse  notes  in  Nagamangala,  Attikuppa  and  Hunsur  Taluks. 
Geology  of  the  Qhitaldrug  District  with  map  and  sections. 

Vol.  VII,  1905-06. 

Part  1. — General  report  for  1905-06. 

Part  '^.  -Geology  of  Shimoga,  Tarikere,  and  Kadur  Taluks  with  map. 
Kaldurga  conglomerates ;  Lakvalli  and  Nandi  old  workings  for  gold. 
Felsite  and  Porphyry  dykes  round  Seringapatam  with  a  map  and 
Api^endix.  Geology  of  Hassan  and  Tumkur  Districts  with  a  map. 
Bommanhalli  and  Nuggihalli  Schists.  Traverse  notes  in  Srinivasa- 
pur  and  Kadri  Taluks.  Report  on  the  Geology  of  Challakere  and 
Sira  Taluks  with  map. 

Vol.  VIII,  1906-07. 

Part  1. — General  report  for  1906-07.  Short  notes  of  a  traverse  from 
Banavar  to  Bhund  Ghat.      Review  of  the  Geological  work  in  tho 
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area  South  of  tbe  Eabbani  riv«r,  and  in  the  Sorsb  uid  Shtkupm 
Taluks.     Iron  ores  near  Sivaaamudram. 
Part  3. — Geology  ot  Sorab  and  Sliikarpur  areas  with  map.     Petrologial 
notea  on  the  Iron  ore  rocks  in  the  neighbourhood  of  Uaddor  a 
Malvalli.      Geology  of  Gundlupet  and  Chamrajnagar  Taluks  wilt 
map. 

Vol.  IX,  1907-08. 

Part  1. — General  report  for  1907-08,  Short  notes  on  Gold  mining,  Itm 
ores  and  Iron  smelting,  Manganese  and  Corundum.  Bababadan 
Schists — a  review. 

Part  a. — Geology  of  the  B&babudan  bills  and  its  neighbournood,  Kador 
District,  with  map  and  sections.  Conindum  and  mica  deposits, 
Sringeri.  Notes  on  Bababudanite  and  Cummingtonite  from  the 
Mysore  State.  Mineral  resources,  Mysore  District.  Inspectioc 
notes  on  prospecting  blocks  for  manganese  and  gold  in  Shimogi. 
Tumkur  and  Chitaldrug  Districts.  Ghromite  and  Chrome  Irtm  ore. 
Hassan  District. 

Vol.  X,  1908-09 
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gneiss.  Malvalli  and  Bababudan  Iron  ores  and  tbe  possibility  d 
making  use  of  them  in  iron  smelting.     Water  resourees  of  the  State. 
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jfti-abad,  Belur  and  Hassan  Taluks  with  map  and  sections.  Geologi- 
cal report  on  sites  for  a  reservoir  dam  on  the  Krishna  river,  Madias 
Presidency,  with  plan  and  sections.  Notes  on  observations  of  wells 
in  the  Hassan,  Belur  and  Manjorabad  Taluks.  Notes  on  Asbestos, 
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granite,  Kallurkatte  gneiss  and  white  mica  schists,  Shimoga  District. 
Traverse  notes  from  Sringeri  to  Gangamula.  Note  on  the  relations 
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gud,  Hole- Narsi pur,  Hassan  and  Arsikere  Taluks  with  map.  Traverse 
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towns.  Field  notes  on  the  Kolar  Schist  Belt.  Some  building  and 
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Vol.  XII,  1910-11  AKU  1911-12. 
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during  the  year. 
Part  2. — General  Beport  for  1911-12.     Review  of  mineral  production. 

Resumti  of  sui-vey  work  done  during  the  yaer.     Notes  on  Economic 
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map  and  sections.  Geology  of  the  Kudremukha  and  Gangamula 
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vicinity  of  Kannambadi. reservoir  dam.  Inspection  notes  on  pros- 
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sore District  with  map  and  sketches.  Talpargis  in  the  Maddagiri 
sub-division  with  plans  and  sections.  Notes  on  the  geology  of  Nela- 
mangala  and  Dodballapur  Taluks.  Conglomeratic  quartzites  near 
Ghikmagalm*.  Note  on  the  clay  deposit  at  Tinnalu,  Bangalore 
Taluk,  with  plan  and  sections.  Report  on  the  Woolgiri  block  (Nan- 
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Year  IbOfi. — Total  Gold  production  to  date,  Treatment  of  Ore.  Classifi- 
cation of  accidents. 

Year  1899. — Minor  Economic  Products,  Classilication  of  accidents — 
Air-blasts — Plague  on  the  Kolar  Field. — 

Ap))endix — Note  on  the  geology  of  the  Kolar  Schists  and  sorrounding 

Kocks. 
Map  of  the  Kolar  Schist  Belt — Plate  I. 
Map  of  the  Kolar  Gold  Field-  Plate  II. 

Yair  1900. — Labour,  wages  and  costs.     Cauvery  Falls  Power  Scheme. 

Year  1901. — Water-supply  for  the  Kolar  Field.  Ileix)rt  on  the  Woolagiri 
and  Amble  Mining  Blocks,  Mysore  District,  with  map  and  sections. 
Keix>rt  on  the  Ajjampur  Block,  Kadur  District,  with  map  and  sec- 
tions. Note  on  the  New  Town  TRobertsonpet),  Kolar  Gold  Field, 
by  F.  E.  C.  CaiT,  Esq.,  Deputy  Commissioner. 

Year  1902  to  Jam  1903. — Tetanus  on  the  Kolar  Gold  Field  with  statis- 
tics. 
Mine  Signalling  with  diagrams. 
Air-blasts  and  quakes ;  general  report  with  sketches. 

Year  1903-04. — Working  costs  in  the  Kolar  Mines.  Note  on  Milling  and 
Cyanide  Practice  on  the  Kolar  Field.  Cauvery  Power  Supply. 
Kolar  Mines  Power  Station. 

Year  1904-05. — General  Progress  Notes.  East  Betarayaswamy  Block. 
Kolar  District,     Bellara  Block,  Tumkur  District. 

Year  1905-06. — General  Progress  Notes.     Fire  at  the  Nundydroog  Mine. 

Year  1906-07. — Note  on  the  Bellara,  Javanhalli  and  other  gold  blocks  in 
tlie  Tumkup  and  Chitaldrug  Districts,  on  the  Honnehatti,  Tambadi- 
halli,  Jalagargundi,  Nandi,  Sakrebail,  Devnikal  and  other  gold  blocks 
in  the  Kadur  and  Shimoga  Districts.  Reports  on  the  Woolagiri  Mine 
and  the  Hunjankere  Block,  Mysore  District,  The  Anantapur  Gold 
Field.  Manganese  Prosi)ecting  Blocks.  Chrome  Ores  of  the  Hassan 
and  Mysore  Districts, 

Year  1907-08. — Reports  on  Shaws'  Block  and  Ahmed's  Block,  Kolar 
District.     Further  Notes  on  Prospecting  Blocks  in  various  Districts. 

Year  190809. — Fire  at  the  Nundydroog  Mine.  Air-blast  in  the  New 
Cu'cular  Shaft,  Champion  Roof,  with  sketch  of  the  Sinking  Frame 
and  Protective  Shield. 

Year  1909-10. — Kolar  Mine  Power  Station.  Air-blast,  Champion  Reef, 
Fracture  of  Winding  Roi)e. 
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Year  7. 97 0-ii.— Notes  on  Air-blasts  and  Quakes. 

Year  /9i7-2^.— Beport  on   the  Manighatta  Block,  Kobir  District,  with 
plans. — 

Progress  in  Ore  treatment  on  the  Kolar  Field.    Proposed  Schemes 
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Year  1912-13. — Notes  on  the  Siddarhalli,   Nandi,   Woolagiri  and  other 
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mineral  Resources  of  mpsore. 


Introductory. 


The  following  brief  account  of  the  more  important  econo- 
mic minerals  of  Mysore  has  been  compiled  at  the  request  of 
the  Government  of  Mysore  for  a  brief  bulletin- ^Yirjtg  an 
account  of  the  occurrence  and  distribution  pt  the  ihin^rals  of 
the  State,  their  geological  relationship,  mmi/ig^'afld  .Tpetajbir' 
gical  treatment  and  possibilities  of  exploitation  and  use.  It  is 
intended  that  the  bulletin  shall  be  translated  into  Eanarese 
so  that  all  classes  of  the  community  may  have  an  opportunity 
of  taking  an  interest  in  the  minerals  and  their  development. 
It  has  been  a  matter  of  considerable  perplexity  to  decide  what 
should  be  included  and  what  omitted  and  every  effort  has  been 
made  to  keep  the  bulletin  as  brief  as  possible,  without  omitting 
features  of  importance,  and  to  avoid  unnecessary  technicaUties. 

A  special  map  has  been  prepared  and  included  in  which 
the  two  main  rock  systems,  viz.,  the  Dharwar  Schists  and 
the  Granitic  Gneisses  are  shown.  The  distribution  of  the 
various  minerals  is  indicated  by  symbols  at  points  where 
they  have  been  worked  recently  or  where  old  workings  occur 
or  where  noticeable  quantities  have  been  discovered. 

For  those  who  wish  to  have  further  information  about 
the  formations  a  geological  map,  on  a  scale  of  8  miles  to  an 
inch,  has  been  prepared  and  will  be  issued  separately  showing 
the  distribution  and  relationships  of  the  principal  rock  types 
and  formations  as  disclosed  by  the  Geological  Survey. 

A  brief  bulletin  (Bulletin  No.  6)  giving  an  outline  of  the 
geological  history  of  the  State  is  in  the  press  and  will  issue 
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shortly.  This  may  he  referred  to  in  explanation  of  the  map 
or  in  connection  wifh  geological  features  alluded  to  in  the 
present  puhlication  in  connection  with  the  occurrence  and 
distribution  of  minerals. 

With  regard  to  metallurgical  treatment  it  may  be  noted 
that  the  only  metallurgical  work  in  the  State  is  the  treatment 
of  the  gold  ores  of  the  Kolar  Field  with  the  exception,  perhaps, 
of  the  now  practically  extinct  local  iron-smelting  and  steel- 
making  industry.  It  is  not  possible,  therefore,  to  give  specific 
accounts,  based  on  actual  practice  and  results,  of  the  treatment  of 
other  ores  and  minerals  under  local  conditions.  The  problem 
of  utilizing  local  ores  and  minerals  and  developing  raetallurc^i. 
cal  industries  is  however  a  fascinating  one  and  has  been,  from 
time  to  time,  ihe  subject  of  much  discussion  and  attention  and 
it  has  been  thought  desirable,  for  the  information  of  the  public, 
to  give  brief  notes  of  processes,  uses,  etc.,  of  such  of  the 
minerals  as  appear  to  provide  near  or  remote  possibilities  of 
development  under  local  conditions.  Such  notes,  which  in- 
clude in  some  cases  provisional  estimates  of  costs,  must  be 
accepted  with  due  caution  and  reserve.  They  are  based  on 
experience  derived  from  other  countries  in  which  many  of  the 
conditions  are  different  and  although  attempts  have  been  made 
to  allow  for  local  factors  so  far  as  they  are  known  or  can  be 
foreseen  it  must  not  be  forgotten  that  commercial  success 
depends  on  a  multitude  of  adjustments  some  of  which  are  of 
considerable  delicacy. 

It  is  hoped  however  that  the  notes  given  will  be  both 
interesting  and  useful  and  will  help  towards  a  clearer  under- 
standing and  discussion  of  the  problems  involved. 

The  minerals  dealt  with  vary  greatly  in  quantity  and 
commercial  value  and  some  are  little  more  than  specimens  of 
scientific  interest.  They  may  be  divided  into  groups  as  fol- 
lows : — 

I.  Metalliferous  minerals. — Ores  of  gold,  silver,  iron, 
manganese,  chromium,  copper,  lead  and  anti- 
mony. 


II.     Minerals  used  in  various  industries  : — 

(a)  Abbasivb  matebials. — Corundum,  garnet  and 

mill-stones. 

(b)  Bbfbactoby  matebials. — Mica,  asbestos,  pot- 

stone,   magnesite,  chrome-iron  ore  and   fire 
clay. 

(c)  MiNEBAL  PIGMENTS. — Red  and  yellow  ochres. 

(d)  Matebials  used  fob  agbicultubb,  chemical 

INDUSTBIES  AND  FOOD. — Including  lime,  apa- 
tite, pyrites,  earth-salt  and  earth-soda. 

III.  Materials  for  construction^  etc. — Lime-kankar,  lime- 

stone, brick  and  tile  and  pottery  clays,  kaolin, 
felspar,  building  and  ornamental  stones. 

IV.  Bare  minerals  and  minerals  of  limited  occurrence, — 

Including  monazite,  columbite,  samarskite,  beryl, 
and  graphite. 


K  metaiiireroiis  minerals. 

Gold. 

Gold  is  the  most  important  mineral  product  of  the 
Mysore  State  and  in  point  of  value  the  produce  of  the  Mysore 
Gold  Mines  stands  second  amongst  the  minerals  of  the  Indian 
Empire  being  surpassed  only  by  coal  the  total  value  of  which 
is  now  rather  more  than  1^  times  the  value  of  the  gold  from 
the  Eolar  Gold  Field. 

In  1914  the  total  value  of  the  minerals  of  India  for  which 
returns  are  available  amounted  to  about  15  crores  of  rupees 
(£10,000,000)  out  of  which  the  gold  from.  Mysore  contributed 
Bs.  3,26,36,710  (£2,169,114)  or  nearly  22  per  cent  of  the  total 
value  of  Indian  minerals.  Since  the  commencement  of 
modem  mining  operations  in  1882  to  the  end  of  1914  the 
total  gold  production  of  Mysore  has  been  a  little  over  Bs.  63} 
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crores  (£42,466,790)  the  whole  of  which  has  oome  from  the 
Kolar  Gold  Field  with  the  exception  of  Bs.  43,170  obtained 
from  trial  crashings  from  a  few  outside  mines.  In  a  later 
section  the  yearly  production  is  shown  in  tabular  form  and  a 
diagram  is  given  showing  the  yearly  progress  of  the  principal 
mines  from  the  commencement  of  operations. 

Old  workings, — Gold  mining  is  by  no  means  a  new  indus- 
try in  Mysore.  Hundreds  of  old  workings  have  been  found 
and  bear  witness  to  a  widely  extended  industry  in  ancient 
times.  There  is  little  historical  or  traditional  information 
about  these  workings  or  the  people  who  made  them.  Doubt- 
less some  are  very  ancient,  while  others  are  of  no  great  anti- 
quity and  the  rate  of  gold  production  must  have  been  quite 
small.  The  total  amount  of  gold  obtained  was  no  doubt 
considerable,  but  even  this  was  in  all  probability  but  a  fraction 
of  the  amount  since  obtained  from  the  Kolar  Mines  and  is 
unlikely  to  have  exceeded  a  few  million  pounds  sterling  or  a 
few  crores  of  rupees. 

The  distribution  of  the  principal  old  workings  is  shown 
on  the  accompanying  map  in  which  the  symbol  for  gold 
represents  in  most  cases  an  old  working  or  a  group  of  work- 
ings. It  will  be  seen  that  the  workings  are  confined  to  the 
belts  and  patches  of  the  Dharwar  Schists  and  that  they  are 
absent  from  the  great  mass  of  the  later  intrusive  granites  and 
gneisses.  It  would  lengthen  this  bulletin  too  much  to  give  a 
detailed  list  of  these  workings,  but  the  more  important  will  be 
referred  to  in  connection  with  their  geological  occurrence  and 
with  brief  accounts  of  the  work  done  in  investigating  them. 

Many  old  workings  still  remain  as  large  open  pits  or  as 

irregular  adits,  tunnels  or  burrows.  Some 
have  been  more  or  less  filled  m  by  natural 
collapse  or  by  the  washing  in  of  debris,  soil,  etc.,  and  in  many 
cases  the  filling  has  been  so  complete  that  little  or  no  indica- 
tions of  old  workings  remain.  On  the  Eolar  Field  some  of 
these  workings  extend  to  a  depth  of  800  feet  and  at  Hutti,  in 
the  Nizam's  Dominions,  they  are  said  to  reach  a  depth  of  son^e 


640  feet.  The  majority  are  however  much  shallower  and 
many  are  mere  surface  excavations.  Dumps  of  broken  rock 
and  qiiartz  are  generally  found  close  by  and  sometimes  give  a 
clue  to  the  presence  of  the  workings  when  the  pits  themselves 
have  been  completely  filled  in  and  covered  with  soil  and 
vegetation. 

Ancient  workings  for  gold  are  no  doubt  a  valuable  indi- 
vaine  of  old  workings  ms    catiou  of  the  presence  of  gold  and  of  the 
indicatertf.  existence,  at  one  time,  of  small  or  large 

patches  of  valuable  gold  ore.  It  is  possible  that,  as  the  richer 
patches  were  worked  out  or  abandoned,  workings  were  opened 
on  comparatively  poor  ore  which  would  not  even  pay  imder 
modern  conditions ;  but  on  the  whole  it  is  probable  that  most 
workings  were  on  comparatively  rich  ore.  The  enormous 
amount  of  modern  work  which  has  been  done  on  these  old 
workings  has  proved  conclusively  that  in  the  majority  of 
instances  they  do  not  indicate  the  existence  of  valuable  depo- 
sits immediately  beneath  them.  The  mines  on  the  Champion 
Lode  at  Kolar,  the  Hutti  Mine  in  the  Nizam's  Dominion  and 
one  or  two  mines  on  the  Anantapur  Field  are  exceptions  which 
prove  the  rule  out  of  a  large  number  of  workings  below  which 
the  absence  of  valuable  deposits  has  been  practically  ascer- 
tained. The  old  workings  on  the  Champion  Lode  at  Kolar 
followed  each  other  in  close  succession  for  four  or  five  miles 
along  a  well-defined  line  and  were  excavated  on  a  number  of 
rich  shoots  in  the  quartz  vein,  or  succession  of  veins,  which 
carry  the  gold.  The  shoots  are  sufficiently  large  or  sufficiently 
numerous  to  permit  of  new  ones  being  searched  for  and  opened 
up  before  the  earlier  found  ones  are  exhausted  and  the  fact 
that  they  are  mostly  distributed  along  a  nearly  continuous 
vein  of  quartz  or  lode  matter  facilitates  and  directs  the  search. 
The  numerous  old  workings  along  a  line  at  surface  is  an  indi- 
cation of  these  favourable  conditions.  Elsewhere  in  the  Eolar 
Gold  Field  and  in  other  parts  of  Mysore  these  conditions  do 
not  exist  to  anything  like  the  same  extent,  but  hundreds  of 
old  workings  exist  which  are  isolated  or  in  irregular  groups  and 
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which  indicate  the  former  existence  of  small  isolated  lenses  or 
shoots  of  rich  ore,  or  rich  pockets  in  low  grade  zones  or  snper- 
ficial  accumulations  of  the  weathered,  and  possibly  ennched, 
debris  of  low  grade  veins  or  lode  matter.  The  sanguine  hopes 
which  have  been  entertained  about  these  workings,  many  of 
which  are  of  considerable  size  and  depth,  have  not  been  real- 
ized notwithstanding  the  large  amount  of  work  and  money 
expended.  The  amount  of  money  expended  on  the  prospect- 
ing of  these  old  workings  in  Mysore — outside  of  the  Kolar  Grold 
Field — ^is  in  the  neighbom-hood  of  30  to  40  lakhs  of  rupees 
and  so  far  not  a  single  paying  mine  has  been  discovered. 

Numerous  .quartz  veins  traverse  the  schists  and  many 

Q..ru  •.tcr^p.  viUiie.    ^'  ^^^^  outcrop  at  surface.     Some  of 
*****  these  outcrops  are  close  to  old  workings 

and  in  the  early  days  of  prospecting  were  regarded  as  valuable 
indications  of  gold.  Since  then  a  large  number  of  these  out- 
crops have  been  tested  and  in  many  places  trenches  and  shafts 
have  opened  them  up  and  have  demonstrated  their  valueless 
character.  Occasionally  assays  of  a  few  dwts.  have  been 
obtained  and  in  two  instances  in  the  neighbourhood  of  Kudri- 
konda  small  outcrops  of  quartz  have  been  found  recently  from 
which  assays  of  some  ounces  per  ton  were  obtained.  We  may 
take  it  as  an  almost  universal  rule  that  outcropping  veins  are 
valueless.  The  systematic  search  for  gold  by  the  ancient 
workers  as  revealed  by  old  workings  has  resulted  in  the  almost 
complete  removal  of  outcrops  carrying  valuable  amounts  of 
gold  and  in  the  majority  of  cases  these  shoots  or  pockets  have 
been  completely  cleaned  out.  There  is  no  doubt  that  other 
shoots,  lenses  and  pockets  occur  at  varying  depths  below 
surface  and  give  no  surface  indications  of  their  existence. 
Many  of  these  have  been  opened  up  in  the  course  of  deep 
prospecting,  but  with  the  exception  of  those  on  the  Kolar 
Field  all  have  proved  to  be  small  and  erratically  distributed 
rendering  the  cost  of  prospecting  and  mining  greater  than  the 
value  of  the  gold  recoverable. 

These   conditions   render  the   work  of   the  prospector 
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difficult  and  very  expensive,  and  the  results  obtained  so  far 
are  most  discouraging  and  disappointing.  There  are  a  few 
points  at  which  further  work  is  expected  to  be  carried  on  after 
the  war  and  it  is  possible  that  some  zones  of  low  grade  lode 
matter  may  be  found  of  sufficient  extent  and  under  sufficiently 
favourable  conditions  for  cheap  treatment  to  permit  of  their 
being  worked,  but  we  cannot  shut  our  eyes  to  the  fact  that 
the  hopes  based  on  the  success  of  the  Eolar  Mines  and  on  the 
existience  of  numerous  old  workings  in  other  parts  of  the 
State  have  dwindled  very  seriously  with  the  progress  of  survey 
work  and  deep  prospecting. 

A  very  brief  account  of  the  distribution  of  the  gold  in  the 
various  geological  formations  and  of  the  results  of  modem 
prospecting  work  at  the  more  important  points  will  now  be 
given.  A  brief  account  of  the  formations  will  be  found  in 
Bulletin  No.  6  and  they  will  not  be  described  in  any 
detail  here.  Further  details  of  the  work  done  will  be  found 
in  the  Keports  of  the  Chief  Inspector  of  Mines  and  in  the 
Becords  of  the  Geological  Department  the  summarized  con- 
tents of  which  will  be  found  at  the  end  of  this  Bulletin. 

Tho  older  known  workings  have  been  described  by  Bruce 
Foote  in  his  **  Auriferous  Tracts  in  Mysore**  (1887),  extracts 
from  which  will  be  found  in  Kice's  Gazetteer  of  Mysore, 
Volume  I,  1897.  At  the  time  that  the  Kolar  Gold  Field  was 
beginning  to  attract  attention  leases  were  taken  out  over  the 
majority  of  these  old  workings,  but  the  work  done  failed  to 
yield  promising  results  and  there  was  a  lull  in  prospecting 
work.  Subsequently,  as  the  results  of  the  work  of  the  Geolo- 
gical Survey,  many  old  workings,  not  hitherto  known,  were 
discovered  and  for  the  past  ten  or  twelve  years  there  has  been 
a  considerable  renewal  of  activity  the  results  of  which  have 
been,  so  far,  disappointing  on  the  whole. 

GEOLOGICAL    OCCURRENCE    OF    GOLD. 

The  gold  occurs  chiefly  in  quartz  veins  and  lenses  in  the 
Dharwar  Schists  both  in  the  lower  division  consisting  of  dark 
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hornblendic  schists  and  amphibolites  and  in  the  upper  division 
consisting  of  greenstones,  chlorite  schists,  calc-chlorite  and 
talcose  schists.  The  former  are  the  most  important  and  in- 
clude all  the  mines  of  the  Eolar  Field  and  the  Hutti  Mine  in 
the  Nizam's  Dominions  which  are  the  principal  producers  in 
India.  As  the  two  divisions  of  the  schists  are  not  differenti- 
ated in  the  accompanying  map  the  various  old  workings  and 
places  where  gold  has  been  found  or  worked  are  distinguished 
by  different  symbols  according  to  whether  they  lie  in  the 
lower  or  the  upper  division.  The  auriferous  veins  of  the  Kolar 
Field  are  mainly  of  a  dark  bluish  or  grey  colour,  but  the  colour 
varies  greatly  and  is  often  nearly  white.  On  this  account 
dark  blue  veins  are  usually  regarded  by  prospectors  as  a 
favourable  indication  of  gold,  but  this  is  by  no  means  a  satis- 
factory guide.  Veins  of  very  dark  quartz  occur  in  both  the 
hornblendic  and  chloritic  rocks  and  commonly  carry  no  gold. 
On  the  other  hand  many  small  rich  lenses  and  stringers  of 
white  quartz  have  been  found  during  prospecting  work 
especially  in  the  chloritic  schists.  In  the  Dharwar  (Gadag) 
Field  which  lies  on  the  northern  extension  of  the  Chitaldrug 
belt  practically  all  of  the  old  workings  are  in  white  quartz 
veins  in  the  chloritic  series  and  the  same  is  believed  to  be  the 
case  on  the  Anantapur  Field.  On  the  other  hand  the  auri- 
ferous veins  of  Kolar  and  Hutti  are  of  the  dark  blue  variety 
and  lie  in  the  dark  hornblendic  rocks. 

On  the  whole  it  is  probably  a  fair  generalization  to  say 
that  the  auriferous  veins  of  the  lower  (hornblendic  series)  are 
usually  dark,  while  those  of  the  upper  (chloritic)  series  are 
usually  white  or  nearly  so.  In  addition  there  are  other  veins 
of  dark  quartz  in  both  series  which  are  barren  and  are  pro- 
bably of  a  different  age  to  the  auriferous  ones  and  there  are 
numerous  and  very  conspicuous  veins  of  white  quartz  in  both 
series  and  in  the  gneiss  which  are  also  barren  and  are  probably 
of  later  age  than  the  auriferous  veins  as  a  whole. 

Maclaren  (^)    has  noted  the  above  distinction  between  the 


(J)  Notes  on  some  Auriferous  Tracts  in  Southern  India.    By  T.  Malcolm  Mac- 
laren, B.Bc,  F.O.B.,  Records,  Geological  Survey  of  India,  Volume  AXXIV,  Fart  2. 
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auriferous  veins  of  the  chloritic  and  hornblendic  rocks  and 
suggests  that  those  of  the  hornblendic  series  are  much  older 
than  those  of  the  chloritic  series  which  latter  he  conceives  to 
be  associated  with  the  great  igneous  activity  represented  by  the 
numerous  dolerite  dykes  which  traverse  the  schists  and  gneis- 
ses and  therefore  of  post-archasan  age.  We  are  unable  to 
agree  with  this  latter  suggestion.  It  may  be  true  that  the 
dark  veins  in  the  hornblendic  rocks  are  older  and  more  crushed 
than  the  white  veins  of  the  chloritic  series,  but  even  this  is 
by  no  means  certain.  The  degree  of  crushing  is  locally  very 
variable  in  both  cases  and  some  of  the  white  veins  show  con- 
siderable signs  of  crushing  and  movement  and  appear  to  be 
older  than  many  of  the  barren  veins  of  quartz  and  pegmatite 
which  occur  in  the  schists  and  gneisses  and  which  are  intruded 
by  the  dolerite  dykes.  The  latter  show  no  signs  of  crushing 
or  movement  whatever.  It  must  be  remembered  that  Maclaren 
regarded  the  schists  as  laid  down  on,  and  later  than,  the  funda- 
mental gneiss  and  was  therefore  debarred  from  regarding  the 
latter  as  a  source  of  the  quartz  and  gold.  We  take  the  oppo- 
site view  as  explained  in  the  following  section. 
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ASSOCIATION   OF   AURIFEROUS   VEINS   WITH   ACID   INTRUSIVES. 

In  Mysore  the  evidence  that  the  fundamental  gneiss — or  as 
we  now  prefer  to  call  it  the  Peninsular  gneiss — is  younger  than 
the  Dharwar  Schists  is  so  strong  that  it  may  now  be  regarded 
as  established.  Further,  we  have  shown  that  there  is  a  limited 
gneissic  series — the  Champion  gneiss — which  is  older  than  the 
Peninsular  gneiss  but  still  younger  than  the  Dharwar  Schists 
and  we  regard  this  Champion  gneiss  as  responsible  for  the 
auriferous  veins — at  any  rate  for  those  of  the  Kolar  Field.  For 
this  reason  the  main  exposures  of  the  Champion  gneiss  and 
its  associates  have  been  shown  on  the  map  although  there  may 
be  considerable  doubt  about  the  correlation  of  several  of  the 
patches  shown.  Briefly  this  old  gneiss  is  a  complex  of  various 
granites,  micro-granites,  aplites  and  pegmatites  usually  highly 
crushed  and  often  characterised  by  blebs  of  a  milky  to  dark 
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blue  quartz.  It  tends  to  pass  into  finer  forms  of  felsite  and 
quartz-porphyry  and  isolated  exposures  of  these  finer  forms  as 
well  as  some  alaskites  and  finely  granular  or  crushed  quartzites 
are  provisionally  correlated  with  it. 

The  auriferous  veins  of  the  Kolar  Field  are  intrusive  into 
the  schists  and  produce  contact  metamorphic  effects  which  are 
strikingly  similar  to  those  produced  by  the  gneisses,  granites 
and  pegmatites  0)  and  strongly  support  the  view  that  the 
auriferous  veins  are  igneous  in  origin  and  to  be  regarded  as 
one  of  the  end-products  of  a  granitic  intrusion.  Tongues  of 
micro-granite  which  are  regarded  as  belonging  to  the  Cham- 
pion gneiss  come  into  the  Mysore  Mine  in  close  proximity  to 
the  Champion  Lode  and  the  quartz  of  the  latter  has  been 
observed  to  penetrate  these  tongues. 

On  the  other  hand  the  great  mass  of  the  Peninsular  gneiss 
cuts  off  both  the  auriferous  schists  and  the  Champion  gneiss 
while  the  pegmatite  veins  and  cross-courses  which  cut  the 
Champion  Lode  are  probably  products  of  the  intrusion  of  the 
Peninsular  gneiss.  The  auriferous  veins  of  Eolar  appear  there- 
fore to  be  subsequent  to  the  Champion  gneiss  and  prior  to  the 
Peninsular  gneiss  (or  some  of  it)  and  in  seeking  a  granitic 
origin  for  the  gold  bearing  veins  the  Champion  gneiss  appears 
to  offer  a  handy  and  suitable  source. 

Whether  we  can  accept  a  similar  source  for  the  white 
veins  of  the  chloritic  series — the  differences  in  colour,  form  and 
degree  of  crushing  being  due  to  the  nature  of  the  enclosing 
rock — is  debatable,  but  it  may  be  noted  that  recent  survey  work 
has  been  extending  our  knowledge  of  the  Champion  gneiss  and 
that  intrusions  of  it  or  its  associates  are  now  considered  to 
exist  in  the  neighbourhood  of  the  Honnali  Field  and  of  the 
great  series  of  old  workings  extending  from  Honnegudda  round 
the  south  of  the  Tarikere  gneiss  to  Nandi  and  across  the  valley 
to  Ajjampur.  In  connection  with  this  some  work  done  by 
Mr.   Bosworth    Smith    during   the  past  two  years  on  the 

(!)  The  ocourrence  of  Secondary  Angite  in  the  Eolar  Schists.    By  W.  F.  Smeeth, 
M.A.,  D.Bo.,  etc.,  Mysore  Geological  Department,  Bulletin  No.  8. 
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Honnali  Field  is  of  great  interest.  Gold  is  widely  spread  in  the 
soil  and  nallas  of  that  area  and  examination  of  a  large  number 
of  washings  led  Mr.  Bosworth  Smith  to  the  conclusion  that  it 
was  not  uniformly  distributed  but  tended  to  come  from  certain 
lines  or  zones  where  acid  intrusives  occurred  in  the  chloritic 
schists  and  greenstones.  These  acid  intrusives  have  been  con- 
sidered by  us  as  probably  belonging  to  the  Champion  gneiss 
without  our  being  aware  of  Mr.  Bosworth  Smith's  conclusions 
or  he  of  our  views  and  the  evidence  from  the  two  points  of 
view  is  independent.  No  results  have  been  obtained  yet  but  the 
work  will  be  continued  after  the  war  and  may  prove  interesting, 
not  perhaps  in  the  way  of  disclosing  rich  ore  in  any  quantity, 
but  possibly  in  the  way  of  discovering  some  zones  of  low  grade 
auriferous  lode  matter  which  would  permit  of  cheap  working. 
There  is  however  ample  opportunity  for  the  occurrence  of 
later  quartz  veins  of  granitic  origin  in  connection  with  the 
intrusions  of  the  various  components  of  the  later  Peninsular 
gneiss,  to  say  nothing  of  possible  later  or  earlier  acid  relatives 
of  the  ultrabasic  or  other  intrusives  of  the  archsaan  period. 


• » ■  ■ 


Veins  in  Trap. 


OTHER   OCCUBBENCES   OF   GOLD. 

In  addition  to  the  usual  quartz  veins  in  the  schists  we 
may  refer  briefly  to  various  cases  in  which  either  the  lode 
material  or  the  enclosing  rock  presents  some  special  features. 

At  Bellara  in  the  Tumkur  District  the  old  workings  and 

auriferous  veins  occur  in  a  large  mass  of 
trap  (hornblende  diabase)  which  is  con- 
sidered to  be  intrusive  into  the  chloritic  series. 

At  Honmaradi  in  the  north  of  the  Chitaldrug  District  old 
workings  occur  in  a  grey  chloritic  trap  which  has  been  grouped 
with  the  Bellara  trap  under  the  name  'Grey  Trap,'  though  it 
is  doubtful  whether  the  former  does  not  belong  to  the  green- 
stones of  the  upper  division  of  the  Dharwars. 

At  several  places  old  workings  occur  in  the  potstone  or 
-...     _.-.     .  .* . .         tfl'lc  schists  which  are  altered  amphibo- 

Old  worfciiiirs  In  Pdlstone*  ..... 

lites  and  peridotites  mtrusive  into  both 
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the  upper  and  lower  Dharwars.  Amongst  these  may  be  men- 
tioned those  at  Chornadihalli  near  Sakrebail,  some  of  the 
workings  at  Jalagargundi  and  a  number  of  workings  on  the 
Devrukal  block  near  Yedahalli.  There  is  some  doubt  about 
these  being  gold  workings  and  definite  auriferous  veins  have 
not  been  found. 

The  great  series  of  banded  ferruginous  quartzites  has 

been  found  to  carry  a  little  gold  in  places 

^Qttiiruiu!""*'"*"*         ^^^   *  number  of    small  old   workings 

occur  along  the  ridges  of  these  rocks  on 
the  western  edge  of  the  Eolar  Schist  belt.  These  old  work- 
ings have  not  been  shown  on  the  map  as  they  are  not  impor- 
tant. Traces  of  gold  may  be  obtained  by  sampling  and 
panning  but  too  small  to  be  worth  attention.  Veins  of 
bluish  quartz  occui*  in  the  rock  and  sometimes  carry  a 
little  gold,  but  the  gold  appears  to  occur  also  in  the  banded 
quartzite  itself. 

Amongst  other  places  which  have  been  examined  the  fol- 
lowing may  be  mentioned  : — 

S}iaw*s  Block;  just  north  of  the  Eolar-Betmangalam 
road  where  three  runs  of  ferruginous  quartzite  belonging  to 
the  western  side  of  the  Kolar  schists  were  closely  prospected 
with  occasional  results  up  to  10  dwts. 

Dindioara;  about  12  miles  north  of  Bellara  where  there 
are  some  old  workings  on  two  runs  of  this  rock  which  gave 
from  traces  up  to  a  few  dwts. 

Ajjanhalli ;  some  five  or  six  miles  east  of  Dindivara  where 
a  mixed  series  of  ferruginous  quartzites  and  veined  chloritic 
schists  gave  results  up  to  some  8  dwts.  A  trial  crushing  of 
200  tons  of  an  average  assay  value  of  3*69  dwts.  was  made  at 
Eolar  and  gave  an  extraction  of  1'46  dwts.  per  ton  by  amal- 
gamation. 

Bodimaradi;  about  7  miles  N.-W.  of  Marikanave.  This 
is  perhaps  hardly  a  case  in  point  as  the  old  working  is  in  soft 
ferruginous  ochres  between  two  runs  of  ferruginous  quartzite. 
Prospecting  work  showed  some  small  irregular  veins  of  quartz 
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which  gave  some  good  assays  and  parts  of  the  ferruginous 
country  itself  gave  3  to  4  dwts.  in  patches. 

Attention  has  been  called  to  the  occurrence  of  gold  in  these 
ferruginous  rocks  because  there  is  the  possibility  that  somewhere 
a  sufficiently  large  mass  of  auriferous  lode  matter  might  be 
discovered  which  would  pay  to  work  even  though  the  average 
value  did  not  exceed  some  3  to  5  dwts.  per  ton.  The  nearest 
approach  to  this  is  the  result  obtained  at  Ajjanhalli  which  was 
not  considered  good  enough  to  justify  further  expenditure. 

As  an  illustration  of  what  can  be  done  the  case  of  the 
Wanderer  Mine  in  Bhodesia  may  be  quoted.  Bhodesia  is 
very  similar,  geologically,  to  Mysore,  and  at  the  Wanderer 
there  are  very  large  ore-bodies  composed  partly  of  these 
ferruginous  quartzites  and  schists  and  partly  of  various 
talc-chlorite-calc  schists  associated  with  conglomeratic  material 
which  is  probably  a  crush  breccia. 

Parts  of  the  ore  body  were  160  feet  wide  at  surface  and 
very  cheap  open  working  was  possible.  Subsequently  under- 
ground work  has  been  carried  on  on  lode  matter  60  to  70  feet 
in  width  and  mining  costs  are  still  very  low.  Tbe  metallur- 
gical treatment  is  also  exceptionally  simple  and  consists  of 
breaking,  coarse  crushing  by  rolls  and  direct  cyanide  treat- 
ment of  the  product.  Assays  up  to  10  dwts.  are  sometimes 
obtained,  but  the  average  value  of  the  lode  is  said  to  be  from 
3  to  4  dwts.  (Bs.  9  to  12)  per  ton  and  the  working  costs  (min- 
ing, crushing  and  cyaniding)  a  little  over  Bs.  5  (65.  9d.)  per 
ton.  Allowing  for  other  charges  the  work  can  be  carried  on 
at  a  small  profit.  Tn  this  case  we  have  a  very  large  body  of 
low  grade  ore  which  can  be  mined  cheaply  and  treated  very 
simply  on  a  large  scale,  and  although  we  have  not  yet  realized 
these  conditions  in  Mysore  the  fact  that  similar  classes  of 
material  exist  leads  one  to  hope  that  they  may  yet  be  found 
on  a  big  enough  scale  to  justify  work. 

In  the  hornblende  schists  on  the  south  side  of  the  Baba- 
QM  In  Conglomerate     budaus  north  of  Chikmagalur  there  are 

long   beds  or  bands  of  quartzite  which 
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we  regard  as  probably  intmsive  veins  or  sills.  The  bottom 
bed  close  to  the  disturbed  and  faulted  junction  with  the  in- 
trusive granite  and  gneiss  has  bands  of  pebbles  which  may 
represent  zones  of  crush-breccia.  The  matrix  of  the  pebbles 
contains  pyrites  and  is  often  stained  green  by  copper.  Pan- 
ning showed  some  gold  and  a  sample  of  one  of  the  pebbly 
layers  gave  an  assay  of  2  dwts.  The  extensive  exposures  and 
gentle  dips  as  well  as  the  similarity  of  pebbly  portions  to  such 
auriferous  material  as  the  banket  of  the  Transvaal  suggested 
the  desirability  of  further  investigation  as  even  a  comparatively 
low  grade  material  would  be  worth  working  under  these  con- 
ditions. Large  samples  were  broken  from  both  the  pebbly 
and  quartzite  bands  over  several  miles  of  outcrops  and  a  large 
number  of  assays  made  which  unfortunately  gave  no  encour- 
aging results.  Practically  all  gave  traces  of  gold  and  many 
gave  traces  of  copper  also  but  in  no  case  did  the  gold  amount 
to  1  dwt.  per  ton. 

Old  workings  occur  in  quartzite  at  Nandi  south  of  Tari- 
kere  and  in  the  highly  quartzose  chloritic  schists  at  Ajjampur 
and  appear  to  have  been  sunk  on  pipes,  pockets  or  impregna- 
tions carrying  gold  of  which  no  extensions  have  been  found. 
Below  the  deepest  old  working  at  Ajjampur  veins  of  dark  blue 
quartz  were  found  which  carried  no  gold  but  occasional  good 
assays  were  obtained  from  the  highly  quartzose  schists  them- 
selves. 

At  Jalagargundi,  at  a  depth  of  200  feet  an  ore  body  has 
been  opened  up  which  might  be  regarded  as  a  banded  quartzite 
or  quartz-schist  carrying  calcite,  and  much  pyrites,  the  band- 
ing being  marked  by  brown  ferruginous  dust.  The  gold  is 
mostly  free  and  the  lode  is  adjacent  to  and  penetrated  by 
white  vein  quartz  which  is  barren.  The  prospects  of  further 
work  will  be  referred  to  later. 

There  are  a  few  minor  old  workings  in  the  Champion 

gneiss  itself  on  the  east  side  of  the  Kolar 

Qold  In  acid  Intruslvej.      °  ,  ,         •..     -r*i      »  ^ 

Field.    At  Ahmed  8  Block  near  Ooregum 
a  shaft  in  the  gneiss  showed  a  small  quartz  vein  6  inches 
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thick,  but  pinching  to  a  stringer  at  a  depth  of  55  feet,  which 
gave  nearly  4  dwts.  per  ton. 

On  the  South  Amble  Block,  S.-W.  of  Nanjangud  some  of 
the  patches  of  schist  held  veins  of  alaskite  or  pegmatite  from 
which  occasional  assays  up  to  several  dwts.  were  obtained. 

At  Kudrikonda  one  at  least  of  the  old  workings  appears 
to  have  been  sunk  on  or  alongside  of  quartz-porphyry  which 
probably  contained  a  small  pocket  or  shoot  of  gold  though  the 
trial  shaft  sunk  many  years  ago  is  believed  to  have  given  no 
results  of  value. 

These  cases  are  quoted  in  view  of  the  fact  that  we  have 
been  led  to  associate  many  of  the  felsites,  quartz-porphyries 
and  alaskites  with  the  old  Champion  gneiss  the  connection  of 
which  with  the  auriferous  veins  of  Kolar  has  been  referred -to 
already. 

On  the  other  hand  we  have  no  evidence  that  the  great 
mass  of  the  Peninsular  gneiss  is  auriferous  nor  have  old  work- 
ings been  found  in  it  though  some  occur  in  mixed  bands  of 
gneiss  and  schist.  We  cannot  however  say  that  some  of  the 
auriferous  veins  and  lenses  in  the  schists  may  not  be  end-pro- 
ducts of  some  components  of  the  Peninsular  gneiss  and  it  is 
probable  on  the  whole  that  the  auriferous  veins  are  not  all 
of  one  age. 

Gold  is  widely  distributed  in  the  soils  on   the   various 

schists  or  derived  from  them  and  in  the 
alluvial  materials  along  water-courses 
and  river  valleys  which  traverse  the  schists.  Washing  has 
been  carried  on  in  the  past  by  native  Jalagars  or  gold-washers 
but  very  few  of  these  remain  and  their  earnings  are  very 
small  and  uncertain.  They  seldom  make  more  than  a  few 
annas  a  day  with  an  occasional  lucky  find.  A  few  years  ago  a 
Lambani  found  a  nugget  weighing  nearly  4^  ozs.  somewhere 
about  Kudrikonda  or  Palavanhalli,  but  no  further  finds  have 
been  made  although  a  good  deal  of  washing  and  prospecting 
has  been  done  in  the  neighbourhood.  Very  occasional  results 
pf  Bf  few  dwts.  have  been  obtained ;  but  on  any  considerably 
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vium. 


I  f  t 

1' 


r 


16 

scale  the  results  fall  within  a  few  grains  per  cabic  yard  and 
the  scarcity  of  water  renders  the  prospects  of  work  practically 
hopeless. 

Some  years  ago  a  series  of  trial  pits  and  washings  were 
made  in  the  alluvium  in  the  bend  of  the  Bbadra  river 
immediately  south  of  the  great  series  of  old  workings  at  Honne- 
hatti.  There  were  rujnours  of  good  gold  having  been  found 
there  years  before  and  a  good  deal  of  gold  must  have  been 
weathered  out  and  washed  away  from  the  surface  deposits 
on  which  the  old  workings  were  made.  The  trials  were  a 
complete  failure,  very  occasional  small  shows  of  gold  being 
obtained. 

More  recently  an  extended  series  of  tests  have  been  made 
by  the  department  on  the  alluvium  in  and  near  the  bed  of 
the  Tungabhadra  river,  where  it  crosses  the  auriferous  schists 
between  Shimoga  and  Honnali.  Previous  work  had  shown 
that  gold  was  distributed  in  the  soil  and  along  small  water- 
courses and  the  fact  of  a  large  supply  of  water  being  available 
rendered  a  further  investigation  desirable. 

A  couple  of  washing  cradles  were  made  and  a  large 
number  of  pits  and  trenches  dug  both  in  the  gravels  of  the 
river  bed  and  in  the  alluvium  and  soil  some  distance  from  the 
banks.  Large  samples  of  from  one  to  six  cubic  yards  each 
were  washed  and  all  showed  gold,  but  the  quantity  was  small 
in  every  case.  An  average  of  all  the  tests  made  gives  a  result 
which  does  not  exceed  1  grain  per  cubic  yard  and  the  best 
result  obtained  was  only  SJ  grains  per  cubic  yard.  These 
results  are  too  low  to  hold  out  any  prospect  of  profitable 
working.  In  the  case  of  the  SJ  grains  test,  the  results  would 
be  worth  following  up  if  the  character  of  the  deposit  was 
favourable,  but  unfortunately  this  is  not  the  case  as  the  gold 
occurs  in  a  hard  gravel  about  1  foot  thick  fringing  the  bed  of 
the  river  and  if  it  extends  laterally  beneath  the  river  bank  some 
10  feet  or  so  of  hard  clay  overburden  would  have  to  be  remov- 
ed to  get  at  it.  Under  these  circumstances  the  prospects 
of  work  on  a  large  scale  cannot  be  regarded  as  encouraging 
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though  it  is  difficult  to  UDderstand  why  the  gold  should 
not  occur  in  more  highly  concentrated  patches  of  workable 
extent.  Similar  results  have  been  obtained  elsewhere  in 
India  and  it  has  been  suggested  that  the  seasonal  alternations 
of  heavy  rainfall  and  flood  with  long  spells  of  dry  weather  are 
not  favourable  to  the  sorting  out  and  collection  of  the  gold 
in  alluvial  deposits  for  which  the  more  or  less  regular  and 
long-continued  action  of  running  water  would  appear  to  be 
essential. 

In  the  foregoing  notes  we  have  endeavoured  to  sum- 
marize very  briefly  the  information  acquired  so  far  about  the 
gold  of  Mysore,  the  nature  of  the  veins  or  other  lode  material 
which  carry  the  gold  and  the  various  formations  with  which 
they  are  associated. 

In  the  next  section  we  propose  to  refer  briefly  to  the 
more  important  work  done  at  various  points,  the  character  of 
the  work  and  prospects. 


M.B.M«  C 
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MINING  AND  PE08PECTING   WORK. 

KOLAR   GOLD   FIELD. 

It  is  not  possible  to  attempt  any  systematic  account  of 
the  Eolar  Mines  within  the  limits  of  this  pamphlet.  A  general 
account  of  the  mines  and  their  working,  up  to  the  year  1900, 
has  been  given  by  Dr.  P.  H.  Hatch  O  ;  and  a  few  more  recent 
notes  and  figures  will  be  added  here. 

The  main  Champion  Lode  runs  almost  continuously 
through  the  Mysore,  Champion  Beef,  Ooregum  and  Nundy- 
droog  Mines.  In  places  the  quartz  has  been  30-40  feet  wide 
but  the  average  of  the  parts  worked  is  probably  between  3 
and .  4  feet«  while  in  places  the  lode  is  represented  by  mere 
stringers  or  veined  schists  or  a  mere  parting  of  altered  schist 
or  lode  matter.  The  quartz  sometimes  branches  and  in  several 
places  there  are  one  or  occasionally  two  parallel  veins  from 
which  a  good  deal  of  ore  has  been  obtained.  The  veins  strike 
more  or  less  north  and  south,  but  in  Mysore  there  are  marked 
curvatures.  The  dip,  or  inclination  from  the  horizontal,  of 
the  veins  is  to  the  west  and  is  least  in  the  Mysore  Mine, 
where  it  is  about  45°,  and  increases  as  we  go  northwards  to 
over  60°.  These  figures  refer  to  the  upper  portions  of  the 
mines,  down  to  a  depth  of  3,000  feet  or  so,  but  in  recent  years 
the  veins  have  shown  a  general  tendency  to  get  steeper  with 
increasing  depth  so  that  at  4,000  to  5,000  feet  on  the  underlie 
we  get  dips  of  50°- 5  5°  in  Mysore  and  of  well  over  70°  in 
Champion  Eeef  and  Ooregum.  There  are  a  few  large  zig-zags 
which  are  usually  called  *'  folds  "  though  it  is  probable  that 
they  do  not  represent  the  actual  folding  of  a  once  plane  sheet 

(1)  The  Kolar  Gold  Field,  being  a  description  of  Quartz  Mining  and  Gold- 
recovery  as  practiced  in  India.  ByF.H.  Hatch,  PH.D.,  a.m.i.c.e.,  f.q.8.,  Memoirs 
of  the  Geological  Survey  of  India,  Vol.  XXXIII,  Ft.  1, 
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or  vein  of  quartz  and  are  more  likely  due  to  the  filling  in  of 
zig-zag  or  branching  fissures  or  dislocations. 

The  most  important  feature  is  the  occurrence  of  the 
more  valuable  portions  of  the  veins  in  patches  or  shoots  with 
intervening  areas  of  poor  quartz  or  lode  matter,  and  the  suc- 
cess of  the  Eolar  Gold  Field  is  due  to'  the  fact  that  these 
shoots  are  of  considerable  size  and  value  and  sufficiently 
numerous  to  permit  of  new  discoveries  being  made  before  the 
old  ones  are  exhausted.  The  steady  progress  of  the  mines  is 
due  not  to  uniformity  in  the  veins,  as  the  distribution,  of  the 
gold  is  very  uneven,  but  to  the  very  extensive  exploratory 
work  which  is  carried  on  far  below  the  points  where  ore  is 
being  extracted  and  which  permits  of  work  being  planned 
several  years  ahead  of  the  milling  requirements. 

In  addition  to  these  features  the  existence  of  slides  or 
faults  cutting  the  veins  has  received  .much  attention  in  recent 
years,  particularly  in  Mysore  and  Ghampicoi  Beef.  The  great 
blank  in  the  Mysore  Mine  between  the  Bibblesdale  and 
Tennant  Sections  is  due  to  a  great  slide  slightly  oblique  to  the 
lode  and  complicated  by  others  more  oblique  and  it  seems 
probable  that  the  great  Crocker's  shoot  was  terminated  at  its 
northern  end  by  these  slides  and  not  by  the  natural  dwindling 
of  the  shoot. 

The  Field  has  already  yielded  gold  to  the  value  of  nearly 
. .-    ,  ^  „  .    «...         £44,000,000  sterling  and  the  nett  annual 

Life  of  the  Koter  Field.  ^ 

return  to  the  State  from  royalties  and 
the  sale  of  electric  power  and  water  is  in  the  neighbourhood 
of  30  lakhs  of  rupees  while  the  yearly  wages  bill  is  over  80 
lakhs.  The  question  of  the  continuance  of  such  an  important 
industry  is  a  serious  one  which  is  often  raised,  but  anything 
in  the  shape  of  a  very  definite  pronouncement  is  out  of  the 
question. 

The  auriferous  veins  lie  in  a  narrow  belt  of  hornblende 
schists,  of  about  three  miles  in  width,  which  is  cut  off  on  both 
sides  and  below  by  a  later  intrusive  gneiss.  The  auriferous 
veins   are  believed   to  be  older   than    the  gneiss  and   will 
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therefore  be  cut  ofiF  along  with  the  schists  at  some  depth  below 
surface.  This  depth  represents  the  ultimate  limit  of  the  Kolar 
Gold  Field  and  we  see  no  reason  to  apprehend  that  it  will  be 
less  than  some  10,000  to  15,000  feet  from  surface  and  perhaps 
more.  The  cut  out  may  of  course  occur  closer  to  surface,  but 
the  above  figures  are  reasonably  probable  and  we  need  not 
hunt  trouble.  The  mines  have  now  got  down  to  a  depth  of 
rather  over  5,000  feet  on  the  inclination  of  the  veins  or  to  a 
maximum  verticle  depth  of  some  4,900  feet  from  surface. 
This  has  taken  over  30  years  and,  if  we  assume  a  downward 
development  of  200  feet  per  annum,  we  shall  have  reached  a 
vertical  depth  of  about  8,000  feet  in  twenty  years  which  is  well 
within  the  ultimate  limit  suggested  above.  It  is  not  impro- 
bable that  with  a  low  temperature,  gradient  and  efficient  venti- 
lation mining  can  be  carried  down  to  8,000  feet  and  we  need 
not  speculate  about  greater  depths ;  but  it  may  be  noted  that 
down  to  this  depth  the  whole  of  the  ore  will  not  be  worked 
out  in  twenty  years  and  that  the  total  period  of  work  will  be 
more  probably  thirty  years.  We  are  assuming,  however,  that 
not  only  do  the  veins  continue,  but  that  the  auriferous  portions 
of  them  or  the  "  shoots "  continue  to  occur  with  sufficient 
frequency  and  of  sufficient  size  to  keep  up  the  returns.  No 
one  can  foresee  if  this  will  be  so,  but,  while  we  see  no  reason 
to  apprehend  any  systematic  diminution  for  many  years,  it 
would  be  sound  to  contemplate  reduction  of  output  in  the 
later  years. 

The  problem  of  the  continuance  of  the  Kolar  Gold  Field 
is  obviously  a  speculative  one  and  in  mining  work  the  more 
unfavourable  contingencies  are  wont  to  occur  with  undue 
frequency,  but  we  do  not  see  any  inherent  improbability  in 
assuming  that  the  Kolar  Gold  Field  will  continue  for  anotiier 
twenty  to  thirty  years,  at  least,  with  a  probable  diminution  of 
output  in  the  later  years. 

In  the  following  tabular  statements  the  yearly  output  of 

gold  from  the  Kolar  Field  is  shown  from 
5f  ti5tk.  of  production.      ^^^  commencement  of  operations  to  the 
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end  of  1914.     Small  amounts  obtained  from  trial  crushings  at 
other  mines  are  also  shown. 


Table  1. — Oold  Production  and  Royalty, 


Year 

Kolar  Gold 
Field  £  Stg. 

88 

other  Mines 
£Stg. 

Total 
£8tg. 

Royalty 
Rupees 

1882 

•  •  ■ 

38 

•  •  • 

1883 

96 

439 

535 

880 

• 

18W 

4,430 

332 

'4,762 

3,540 

1885 

23,939 

871 

24,860 

18,465 

1886 

63,027 

•  •• 

63,027 

46,785 

1887 

57,028 

•  •• 

57,028 

42,255 

1888 

128,879 

•  •  • 

128.879 

95,880 

1889 

296,861 

•  ■• 

298,861 

2,22,706 

1890 

409,449 

77 

409.526 

3,04,620 

1891 

504,324 

•  •• 

504,324 

3,75,160 

1892 

622,159 

•  •  • 

622,159 

4,62,660 

1898 

784,842 

•  •  • 

784,842 

5,82,810 

1894 

795,156 

•  t  V 

795,156 

5,90,430 

1895 

973.610 

•  •  • 

973,610 

7,23,240 

1896 

1,228,665 

379 

1,229,044 

9,12,880 

1897 

1,487,140 

92 

1,487,232 

11,06,790 

1898 

1,575,966 

1,675,966 

11,70,135 

1899 

1,678,464 

1,678,464 

12,47,310 

1900 

1,879,086 

1,879,086 

13,99,980 

1901 

1,928,130 

1,923,130 

14,28,780 

1902 

1,964,509 

l,9o4,oU9 

14,58,810 

1903 

2,284,071 

2,284,071 

16,97,065 

1904 

2,323,196 

2,323,195 

17,26,200 

1905 

2,373,458 

2,373,458 

17,56,245 

1906 

2,167.637 

824 

2,167,961 

16,11,390 

1907 

2,049.064 

206 

2,049,370 

14,96,925 

1908 

2,055,887 

66 

2,055,958 

16,21,660 
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Table  1 — concld. 


Tear 

Kolar  Gold 
Field  £  Stg. 

Other  Mines 
£Stg. 

Total 

£Stg. 

1 

Boyalty 
Rvpees 

1909 

2,092,469 

92 

2,092,551 

16,49.470 

1910 

2,107,749 

2,107,749 

17,67,045 

1911 

2,129,878 

2,129,873 

18,66.846 

1913 

2,166,862 

2,168,862 

18,85.836 

1913 

2,160,195 

2,160,196 

18,78370 

1914 

2,169,114 

2,169.111 

18,69,^0 

ToUl      ... 

42,468,912 

2,878 

42,466,790 

8,28,11,666 
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A  statement  showing  the  total  production  from  each  mine 
is  also  given  and  from  the  '  Bemarks '  column  it  will  be  seen 
that  most  of  the  less  productive  mines,  which  have  ceased 
independent  work,  have  been  incorporated  with  the  present 
working  Companies. 


Table  2 — Total  Gold  Prodtiction  of  Mines  in  Mysore^ 

to  end  of  1914. 


Name  of  Mine 


Bar  gold 
oz. 


Value 
£  Sig. 


Bemarks 


A — Kolar  Gold  Field — Mines  approximately  in  order  from  north  to  south. 


Road  Block 


Nine  Beefs 


Balaghat 

The  Gold  Fields  of 
Mysore.  (*  Gol- 
conda '  and '  West 
Balaghat '  Mines). 

Ooromandel 


Tank  Block 


Oriental 


Nunydroog 
Goregam 
Mysore... 

Champion  Beefs  ... 
South-Bast  Mysore 


Mysore  Beefs 


Yerrakonda 


Total 


1}996 
24,857 

438,288 
9,496 


62,940 


117.767 


925 


1,494,068 
1.911,077 
4,162,692 
3,044,674 
411 


699 


192 


7,703 
92,856 

1,642,381 
33,528 


195,704 


422,870 


3,526 


5,579,886 

7,006,686 

16,182,740 

11,292,209 

1,303 


2,466 


602 


11,254,457 


42,463,912 


Produced  ^old  during  1896-1901. 

Included  m  the  Balaghat  Block 

since  1910. 
Produced  gold  during  1687-1690 

and  1694-1902.     Now  included 

in    the  Balaghat   Block   since 

1910. 


Ceased  producing  gold  in  1909. 
The  Company  however  is  in 
existence. 


Produced  gold  during  1695-1907. 

Now  included  in  the  Balaghat 

Block  since  1910. 
Produced  gold  during  1693-1910. 

The   block  is  included  in  the 

Nundydroog  Block. 
Produced  gold  in  the  years  1901 

and  1904  only.     Now  included 

in  the  Nundydroog  and  Oore- 

gum  Blocks  since  1910. 


Originally  part  of  Simons  Block 
known  as  Rodger's  Camp. 
Now  part  of  the  Mysore  Block. 
Produced  gold  during  1688-1890. 

Years  of  gold  production  were 
1889-1891.  Now  styled  *  South 
Mysore '  and  is  held  by  the 
Mysore  Gold  Mining  Co.  (1910). 

Produced  gold  in  1694-1696.  The 
lease  is  current  and  is  held  by 
the  Indian  Mines  Development 
Syndicate. 
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Table  2—concld, 


Name  of  Mine 


Remarks 


B— Mines  outside  the  Kolar  Field. 


AjjanhaUi        (Sira 
Talok) 

18 

66 

Trial  emshings  in  1908.  Aban- 
doned. 

Mysore   Harauhalli 

Oold  Mine 

96 

77 

Trial  oroshings  in  1890.  Aban- 
doned. 

Kempinkote,  Hassan 

Distriot 

45 

164 

Trial  emshings  in  1896.  Aban- 
doned. 

WooUagiri      Block, 

Naniangud    Gold 
Field  ..•             •.. 

20» 

699 

Produced  gold  during  1906-1909. 

Abandoned. 

Honnali  Oold  Min- 

ing Co. 

596 

1,649 

Produced  gold  during  1888-1866. 
Abandoned. 

Honnali       Tribute 

Syndicate 

100 

807 

Produced  gold  1896-1897.  Aban- 
doned. 

ToUl 

919 

2,878 

Grand  Total 

11,255,876 

49,466,790 

!•    - 


V   ^ 


), 


♦I 


3 
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A  diagram  is  famished  which  shows  at  a  glance  the 
progress  of  the  principal  producing  mines  and  of  the  Kolar 
Field  as  a  whole.  For  convenience  of  space  the  cmrve  of 
total  production  is  drawn  on  half  the  scale  used  for  the 
individual  mines. 

For  a  general  account  of  the  methods  of  mining  refer- 
ence may  be  made  to  Hatch's  Memoir 
already  cited.  As  the  mines  have  got 
deeper,  the  incline  shafts,  which  followed  the  trend  of  the 
veins  downwards,  have  reached  the  limits  at  which  it  is  safe 
or  convenient  to  use  them  for  hoisting  ore  for  the  transport  of 
men  and  materials.  The  deepest  of  these  is  Carmichael's 
Shaft,  Champion  Beef,  which  is  4,700  feet  long.  To  facilitate 
work  in  the  deeper  levels  several  vertical  shafts  have  been 
sunk  during  the  past  ten  years  or  so  to  the  west  of  the  outcrop 
of  the  lode,  of  which  the  principal  are  the  following  :— 

Edgar's  Shaft,  Mysore  Mine.     A  circular  brick-lined 

shaft   which  intersects  the  lode  at  a  vertical 

depth  of  2,600  feet. 

Gifford's  Shaft,  Champion  Beef.     Also  circular  and 

brick-lined.      It  is  3,800   feet   deep   and    now 

practically  ready  for  use.      The  lode,  which  has 

got  steeper  lies  a  little  to  the  east  of  the  bottom. 

BullerCs   Shaft,    Ooregum.     .A  rectangular,    timbered 

shaft  completed  in  1910  to  a  depth  of  3,760 

feet.    Passed  through  the  lode  near  the  bottom. 

Preparations  are  now  being  made  for  continuing  work  to 

a  much  greater  depth  to  provide  for  which  the  following  shafts 

have  been  started  recently,  all  of  which  will  be  circular  and 

brick-lined. 

MacTaggarfs,  at  the  southern   end  of  the  Mysore 

Mine. 
Edgar's,  Mysore  Mine,  which  is  now  being  deepened 

to  4,000  feet. 
New  vertical,  Ooregum. 
New  vertical,  Nundydroog. 


26 

These  shafts  will  all  be  about  4,000  feet  deep  and  take 
some  six  or  seven  years  to  complete.  From  near  the  bottom  of 
each,  secondary  shafts  will  then  be  sunk  from  4,000  to  7,000 
feet  or  more.  The  working  at  these  depths  will  naturally  be 
very  hot  and  much  artificial  ventilation  will  be  needed.  There 
is  no  reason  to  think  that  work  cannot  be  carried  on  in  these 
mines  to  a  depth  of  7,000  feet  or  more,  and  as  already  pointed 
out,  we  see  no  reason  to  apprehend  any  serious  failure  of  the 
auriferous  shoots. 

More  detailed  notes  on  the  treatment  of  the  ore  for 
_     ..     .  extraction  of  the  gold  will  be  found  in 

Hatch's  Memoir  (Op.  cit)  and  in  the 
Beports  of  the  Chief  Inspector  of  Mines  in  Mysore  for  the 
years  1903-04  and  1911-12. 

The  practice  now  followed  may   be  summarized  very 
briefly  as  follows  :— 

Sorting  <md  breaking, — The  ore  is  raised  to  surface  and 
screened  to  separate  the  fines  from  the  larger  lumps.  The 
latter  are  crushed  in  rock  breakers  to  the  size  of  road  metal 
and  any  pieces  of  waste  rock  picked  out  and  discarded. 
About  18  per  cent  of  the  total  ore  raised  is  thus  rejected. 

The  ore  (fines  and  coarse)  then  goes  to  the  stamp  mills 
where  it  is  pounded  with  water  to  a  fine  sand.  The  fine  sand 
and  water  is  forced  by  the  splash  of  the  stamps  through  wire 
screens  (900-1200  holes  to  the  square  inch)  and  flows  over 
sloping  tables  covered  with  sheet  copper  on  which  mercury  is 
spread  in  a  thin  layer.  The  fine  particles  of  gold  adhere  to 
the  mercury  and  form  with  it  arn  amalgam  of  gold  and  mer- 
cury. The  amalgam  is  scraped  from  the  plates  at  regular 
intervals  and  folded  up  in  a  piece  of  wash-leather  in  which  it 
is  subjected  to  squeezing.  During  this  squeezing  the  excess 
of  mercury  is  forced  out  through  the  pores  of  the  leather  leav- 
ing a  hard  ball  of  amalgam  inside  which  <;ontains  40-50  per 
cent  of  gold.  The  balls  of  amalgam  are  heated  in  retorts  and 
this  drives  off  the  remaining  mercury,  leaving  a  porous  mass 
of  'sponge'   gold  behind.     The  sponge  gold  is  melted  in 
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crucibles  and  poured  into  moulds  thus  forming  'bar'  gold 
which  is  sent  to  England  and  refined  to  get  rid  of  impurities. 

Cyanide  treatment. — The  greater  part  of  the  gold  is  re- 
moved by  the  amalgamating  tables,  but  the  fine  sands  (or  tail- 
ings as  they  are  called)  flbwing  from  the  tables  still  contain 
Bome  gold  (about  3  dwts.  per  ton)  which  has  not  been  caught 
by  the  mercury.  The  sands  are  therefore  treated  with  cya- 
nide of  potassium  which  dissolves  the  gold ;  and  the  gold,  or 
most  of  it,  is  recovered  from  the  solution. 

The  treatment  as  practiced  at  present  may  be  roughly 
outlined  as  follows : — 

The  tailings  from  the  stamp  mill  are  put  through  a 
series  of  hydraulic  separators  and  classifiers  by  means  of 
which  they  are  divided  into  three  grades  according  to  fineness, 
viz : — 

(1)  Impalpably  fine  slimes; 

(2)  Fine  sand ; 

(3)  Coarse  sand. 

The  coarse  sand  is  put  through  revolving  tube-mills 
which  grind  it  finer  after  which  it  goes  back  to  the  separator 
where  it  is  divided  into  slimes  and  fine  sands.  The  process  of 
separation  and  classification  is  a  continuous  one  and  the  final 
result  is  that  the  tailings  are  divided  into  two  portions  one  of 
which  is  ''fine  sand"  and  the  other  "slimes"  which  are 
treated  in  separate  plants. 

Fines  and  treatment. — The  fine  sand  is  placed  in  large 
vats  each  holding  one  or  two  hundred  tons.  The  bottom  of 
the  vat  is  formed  of  canvas  filter  cloth  suitably  supported. 
When  the  vat  is  full  of  sand,  cyanide  solution  is  poured  in  and 
allowed  to  stand.  The  gold  is  gradually  dissolved  and  when 
this  is  complete  the  solution  is  drawn  off  through  the  filter 
bottom  and  water  run  in  to  wash  out  all  the  gold  solution 
from  the  sand.  The  sand  is  removed  from  the  vat  and 
tiirown  on  the  waste  dumps. 

The  gold-bearing  solutions  are  passed  through  long  boxes 
in  which  there  are  a  number  of  compartments  filled  with  zinc 
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Bhavings.  The  zinc  causes  the  gold  to  precipitate  from  the 
solution  in  the  form  of  a  black  powder,  and  zinc  goes  into 
solution  in  place  of  it.  The  black  powder  mixed  with  rem- 
nants of  zinc  shavings  is  removed  from  time  to  time,  treated 
with  acid  to  dissolve  most  of  the  remaining  zinc  and  melted 
in  crucibles  with  some  fluxes.  The  molten  gold  is  poured 
into  moulds  forming  bars  or  bricks  of  cyanide  bar-gold  which 
is  also  sent  to  England  to  be  refined. 

Slimes  treatment. — The   special  plants  for  treatment  of 
slimes  have  been  installed  within  the  last  couple  of  years. 
The  slimes  are  so  fine  that  the  solutions  could  not  be  filtered 
through  them  in  percolation  vats  such  as  are  used  for  the 
sands.     They  are  therefore  mixed  with  cyanide  solution  and 
agitated,   to   secure  complete  solution  of  the  gold,  and  the 
mixture  of  slime  and  solution  (called  pulp)  is  forced  or  allowed 
to  flow  into  large  rectangular  iron  tanks  in  which  a  great 
number  of  filter-leaves  are  suspended.     Each  leaf  consists  of 
a  large  flat  frame  covered  back  and  front  with  a  sheet  of  filter 
cloth.     A  pipe  leading  from  the  interior  of  the  leaf,  between 
the  two  cloths,  is  connected  to  a  reservoir  in  which  a  fairly 
high  vacuum  is  maintained.     When  the  tank  is  full  a  tap  is 
opened  connecting  each  leaf  with  the  vacuum  and  the  solution 
is  sucked  through  the  filter-cloth  while  the   suspended  slime 
gradually  forms  a  cake,  one  or  two  inches  thick,  on  the  out- 
sides  of  the  filter-cloths.     The  operation  is  then  stopped,  the 
tank  emptied  and  filled  with  water  to  wash  the  cakes,  again 
emptied  and  the  cakes  detached  and  sent  to  the  waste  dumps. 
The  filter  is  then  ready  for  another  charge. 

The  solutions  drawn  off  through  the  filter  leaves  go  to 
zinc  boxes  and  the  gold  is  recovered  just  as  in  the  sands  treat- 
ment. 

The  old  tailings  dumps  which  have  been  through  the 

Old  Tidiinir.  Damps.  amalgamation    and     cyanide    processes 

of  former  years  amount  to  nearly 
10,000,000  tons.  The  amount  of  gold  which  they  contain 
varies  very  much,  some  portions  running  as  high,  as  3  dwts. 
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per  ton  while  a  great  deal  is  under  1  dwt.  The  new  cyanide 
treatment  with  its  finer  grinding  and  treatment  of  slimes  will 
permit  of  the  retreatment  of  considerable  portions  of  the  old 
dumps — probably  some  three  to  four  mijlion  tons— yielding 
an  average  of  from  1  to  2  dwts.  per  ton  and  giving  a  further 
return  of  £1,000,000  and  possibly  more. 

The  waste  residues  under  the  new  treatment  will  prob- 
ably be  reduced  to  five  or  six  grains  per  ton  which  means  an 
increase  in  the  recovery  of  gold  and  of  the  final  output  of  the 
Field. 

The  following  statement  shows  the  assay  value  of  the  ore 

*  sent  to  the  mills,  and  its  value  in  rupees, 
Grade  and  value  of  the     ^t  intervals  since  1 898.     It  will  be  seen 

ore. 

that  there  has  been  a  steady  decrease  in 
the  value  of  the  ore  mined  and  by  some  this  would  be  regard- 
ed as  indicating  an  impoverishment  of  the  mines  with  in- 
creasing depth.  It  would  be  hard  to  say  definitely  whether 
or  npt  such  impoverishment  is  a  fact  owing  to  the  very  uneven 
distribution  of  the  ore  shoots,  but  it  may  be  regarded  as  fairly 
certain  that  the  mines  will  become  less  rich  as  greater  depths 
are  attained.  The  regular  decrease  shown  in  the  statement  is 
however  very  largely  due  to  the  fact  that  working  costs  have 
been  reduced  and  that  improved  methods  of  extraction  have 
increased  the  proportion  of  the  gold  which  can  be  recovered 
with  the  result  that  large  bodies  of  low  grade  ore,  which 
would  have  been  left  untouched  in  former  years  as  too  poor  to 
treat,  can  now  be  mined  and  treated  at  a  profit.  The  inclu- 
sion of  these  lower  grades  of  ore  along  with  the  richer  ore 
from  the  shoots  lowers  the  average  grade  and  is  a  healthy 
sign  of  progress  and  development. 
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The  following  statement  gives  the  average  working  costs 

on  the  Kolar  Field  in  the  various  bran- 

M^orklnff  costs. 

ches  of  work.     The  reduction   in  costs 
is  marked.     Under  the  head  of  mining  are  included : — 

Ks.  a.    p. 
Development  costing  about      ...  3     0     0  per  ton  milled. 
Stoping  (including  timbering)      6     0     0  do 

Hoisting  do  2  10     0  do 

The  cyanide  treatment  now  includes  (1914) 

Treatment  of  saiids  costing  Es.  1-2-0  per  ton  treated. 
Do  slimes      do      Rs.  1-4-0  do 

In  the  last  column  of  the  statement  the  total  costs  in 
India,  including  administration,  are  given  and  now  amount  to 
about  Rs.  19  per  ton  of  ore  milled.  These  however  are  not 
the  total  charges  which  have  to  be  borne. 

We  must  include  about  Rs.  2-4-0  for  royalty,  and 
Rs.  1-8-0  to  3  for  London  Ofl&ce,  depreciation,  etc.,  making 
the  total  about  Rs.  23  or  24  per  ton  milled.  In  order  to  pay 
these  charges  the  ore  must  contain  an  average  of  8  dwts.  of 
gold  per  short  ton.  This  gives  us  a  rough  figure  whereby  to 
judge  whether  an  ore  can  be  worked  profitably  or  not  under 
conditions  similar  to  those  at  Eolar.  As  conditions  vary  this 
figure  will  rise  or  fall,  and  the  case  of  the  Wanderer  Mine 
(see  p.  13)  may  be  referred  to  as  one  in  which  an  ore  con- 
taining some  10  or  11  rupees  worth  of  gold  (3J  dwts.)  can  be 
worked  at  a  slight  profit. 

Table  4 — Costs  on  tJie  Kolar  Gold  Field  in  Bupees 

per  Ton  of  2,000  lbs. 


Mining 

Milling 

Cyaniding 

ToUI 
including 
administra- 
tion 

Years 

Per  ton 
excavated 

Per  ton 
milled 

Per  ton 
milled 

Per  ton 
treated 

1898         

1900         

1906         

1910         

1914         

18-39 

12-99 

9-78 

9-02 

8-76 

1800 
17-79 
18-.38 
18-65 
12-66 

3-81 
8-80 
2-89 
1-86 
1-76 

201 
1-74 
116 
117 
1-20 

26-77 
26*96 
18-61 
19-98 
19-66 
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With  the  foregoing  brief  account  of  the  work  being  car- 
ried on  by  the  leading  mines  of  the  Kolar  Field  we  shall  now 
pass  on  to  the  work  done  and  prospects  in  other  areas  of  the 
State,  taking  up  the  various  schist  patches  or  groups  of  workings 
seriatim.  The  information  about  some  of  the  earlier  work  is 
often  scanty,  but  since  1898  the  principal- workings  have  been 
inspected  and  reported  upon  by  the  Director  and  other  officers 
of  the  department.  Further  details  than  can  be  given  here 
will  be  found  in  the  Reports  of  the  Chief  Inspector  of  Mines 
and  for  convenience  of  reference  the  dates  of  these  reports 
will  be  given  where  necessary  in  the  text  in  square  brackets. 

Before  leaving  the  Eolar  Field  a  few  remarks  may  be 
made  about  prospects  at  the  north  and  south  ends  of  the 
Field. 

New  Kempinkote. — This  property  lies  immediately  south 
of  the  Mysore  Mine  from  which  point  the  auriferous  schists 
extend  south  for  a  couple  of  miles  before  they  are  cut  off  by 
thcvChampion  gneiss.  In  the  early  days  of  the  Field  much 
work  was  done  here  to  a  depth  of  several  hundred  feet  and 
small  patches  of  good  ore  obtained.  The  country  is  much 
disturbed  and  no  large  shoots  were  found.  During  the  past 
two  years  work  has  been  started  to  test  the  ground  at  greater 
depths  by  driving  southwards  from  the  2,160  and  2,385  foot 
levels  of  the  McTaggart*8  Section  of  the  Mysore  Mine.  Some 
quartz  up  to  9  dwts.  in  value  has  been  found,  but  nothing  big 
or  continuous  and  it  is  to  be  hoped  that  the  work  will  be 
pushed  on  as  far  as  possible  as  any  success  here  would  lead  to 
the  opening  up  of  a  considerable  area  of  schist  which  is  cer- 
tainly auriferous. 

The  Balaghat  Mine, — This  occupies  the  whole  of  the 
northern  end  of  the  Field  and  includes  the  former  Balaghat 
property  as  well  as  those  of  Boad  Block,  Nine  Beefs  and 
Coromandel  in  which  a  number  of  shoots  have  been  worked 
in  past  years  on  two  or  three  lodes  which  may  be  regarded  as 
discontinuous  extensions  of  the  Champion  Lode  Series. 
Becent  developments  in  th^  bottom  of  the  Balaghat  Mine 
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have  been  encouraging  and  may  lead  to  extension  of  work 
southwards  below  the  old  Coromandel  Mine.  The  develop- 
ments northwards  from  the  Nandidroog  Mine  in  the  lower 
levels  of  the  former  Tank  Block  and  Oriental  properties 
point  in  the  same  direction,  and  thus  there  are  fair  prospects 
of  a  considerable  area  of  ground  being  opened  up  between 
the  Oriental  workings  of  Nandidroog  and  the  new  finds  in  the 
bottom  of  Balaghat. 

About  half  a  mile  west  of  these  lodes  are  the  Oriental  and 
West  Balaghat  lodes  on  which  much  work  was  done  by  the 
Road  Block,  Nine  Keefs  and  Gold  Fields  Companies  but  which 
have  now  been  abandoned. 

Ahmed's  Block. — This  lies  on  the  east  of  the  Nandidroog 
Mine  where  there  were  some  doubtful  old  workings.  Half  a 
dozen  shafts  were  sunk,  the  deepest  being  118  feet.  Of  these 
4  were  in  the  Champion  gneiss  and  2  in  hornblende  schist. 
Shafts  Nos.  1  and  2  are  in  the  gneiss.  In  No.  1  at  a 
depth  of  90  feet  levels  were  driven  for  80  feet  on  a  vein 
which  is  said  to  have  carried  gold,  but  samples  taken  by 
IVIr.  Bocquet  did  not  give  more  than  6  grains.  In  No.  2  there  is 
a  small  quartz  vein  which  is  only  1  to  2  inches  wide  at  the 
bottom  and  gave  an  assay  of  nearly  4  dwts.  The  work  was 
inspected  and  reported  on  [1907-08]  and  the  prospects  were 
not  sufficiently  favourable  to  justify  further  expenditure. 

KOLAR   SCHISTS   NORTH   OF   THE    KOLAR  FIELD. 

Krishiarajpur. — Immediately  north  of  Balaghat  (Eoad 
Block)  some  loose  quartz  on  surface  showed  gold  and  it  was 
thought  that  this  might  come  from  an  extension  of  the  Bala- 
ghat lode.  In  addition  to  some  shallow  shafts  and  drives  a 
shaft  was  put  down  over  300  feet  and  a  cross  cut  started  east. 
Nothing  was  met  with  and  work  was  abandoned  in  1899. 
Considering  that  some  4  or  5  lakhs  were  spent  in  machinery 
and  sinking  it  is  a  pity  that  the  cross  cut  was  not  extended 
further  for  the  sake  of  exploration  at  the  depth  reached. 

M.R.M,  *  D 
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Plantation  Block, — Lies  to  the  west  of  Erishnarajpur 
and  contains  some  dumps  and  filled-in  old  workings.  Pro- 
specting work  has  been  taken  up  from  time  to  time  without 
success.  At  the  present  time  work  is  going  on  at  three  small 
shafts  on  filled-in  old  workings  and  although  nothing  of 
importance  has  been  met  with  it  is  probable  that  at  least  one 
of  these  points  will  be  further  explored. 

East  Betaratjaswami, — A  large  block  on  the  north  of  the 
two  former.  Prospecting  work  was  started  over  ten  years  ago 
by  Mr.  Mervyn  Smith  who-opened  a  large  number  of  pits  and 
trenches  on  a  lode  formation  running  through  the  eastern 
side  of  the  block  which  was  regarded  by  him  as  a  possible 
extension  of  the  Champion  series.  In  many  places  vein 
quartz  or  lode  formation  on  two  parallel  lines  was  opened  up 
but  the  panning  and  assay  results  were  poor. 

Some  distance  to  the  west  some  old  workings  were  opened 
up  and  a  couple  of  shafts  sunk  to  test  the  old  workings.  A 
level  at  a  depth  of  150  feet  passed  through  some  of  the  old 
workings  and  is  reported  to  have  given  good  values  for  about 
150  feet  south.  Further  work  has  been  done  recently  by  the 
East  Betarayaswami,  Limited,  Syndicate,  and  the  main  shaft 
sunk  to  a  vertical  depth  of  454  feet.  Long  drives  at  the  300 
and  440  foot  levels  have  opened  up  a  well  defined  vein  of  quartz, 
which,  for  the  most  part,  assays  very  low.  At  the  300  foot 
level  quartz  assaying  from  5  to  30  dwts.  was  passed  through 
for  a  length  of  20  feet  and  it  is  evident  that  the  shoot  on 
which  the  old  workings  were  made  has  dwindled  and  vanished 
in  depth.  Further  work  is  in  progress  from  the  440  foot 
level  in  the  hopes  of  striking  a  new  shoot  in  the  quartz. 

Shaw* 8  Block  (Badamakanhalli) . — North  of  the  last  block 
and  just  north  of  the  Kolar-Betamangalam  road  where  the 
schist  belt  is  narrow.  Extensive  prospecting  work  was  carried 
out  by  Messrs.  Shaw  Wallace  &  Co.  in  1907-08  and  the  work 
inspected  and  reported  upon  [1907-08].  Many  thousand 
feet  of  trenches  were  made  and  8  shafts  sunk  up  to  71  feet 
in  depth.      Three  lodes  of  ferruginous  quartz  schist  were 
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disclosed  and  numerous  veins  of  bluish  quartz  most  of  which 
showed  traces  of  gold  but  none  of  them  carried  payable  values. 
The  ferruginous  quartzite  carried  a  little  gold  in  places  as  also 
did  the  quartz  veins  which  penetrated  them.  The  eastern  or 
*  schist '  lode  gave  the  best  results.  It  is  3  to  4  feet  wide  at 
surface  and  gave  assays  from  a  trace  to  8  dwts.  At  a  depth 
of  60  feet  it  had  narrowed  to  18  inches  and  gave  from  a 
trace  to  4  dwts.  Work  was  stopped  in  1908  as  there  was 
no  indication  of  any  body  of  payable  ore. 

Jayamangalam. — This  lies  north  of  Shaw's  Block  and 
some  deep  prospecting  is  reported  to  have  been  done  about 
twenty  years  ago.  An  incline  shaft  was  sunk  to  a  depth  of 
80  feet  on  an  outcrop  which  is  stated  to  have  given  4  dwts. 
This  result  has  not  been  confirmed  since  and  the  results 
obtained  on  sinking  were  practically  valueless. 

A  few  small  old  workings  have  been  found  north  of 
Jayamangalam  in  the  neighbourhood  of  Holali  and  Vitpalli, 
but  washing  of  the  dumps  and  float  quartz  gave  practically 
no  gold. 

Manighatta, — North  of  Vitpalli  the  schists  widen  again 
to  a  large  body  and  washings  in  the  streams  near  Manighatta 
and  Sha»gatur,  frequently  gave  shows  of  gold.  The  area 
was  examined  by  Mr.  Lavelle  and  a  number  of  trenches  put 
in  which  disclosed  many  veins  of  quartz  some  of  which  panned 
gold.  There  is  a  large  old  working  to  the  east  of  Manighatta 
village  with  a  smaller  working  to  the  east  of  it.  No  other  old 
workings  are  known  and  the  isolated  character  of  the  large 
pit  rendered  people  shy  of  spending  money  on  it.  In  1910 
Captain  Lethbridge  started  work  on  behalf  of  the  North  Kolar 
Syndicate  and  several  shafts  were  sunk  to  a  depth  of  60  feet 
both  close  to  the  old  working  and  on  some  of  the  veins 
disclosed  in  trenches  to  the  north  of  it.  The  work  was  reported 
on  [1911-12]  and  further  work  recommended  which  was 
carried  out,  under  option  by  the  Ooregum  Gold  Mining  Com- 
pany in  1911-12.  The  earlier  part  of  the  work  showed  that 
the  old  working  was  30  feet  wide  at  the  north  end  at  a  depth 
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of  60  feet  but  there  was  no  shoot  or  vein  continuing  north- 
wards. At  the  south  end  a  small  shoot  of  rich  quartz  was 
found  but  this  vanished  into  valueless  stringers  a  few  yards  to 
the  south.  The  later  work  done  by  the  Ooregum  Company 
consisted  in  sinking  a  vertical  shaft,  210  feet  deep,  to  the  west 
of  the  old  pit,  from  the  bottom  of  which  a  cross  cut  was  driven 
east  under  the  old  working  but  failed  to  find  any  quartz  of 
value.  Another  cross  cut  was  put  in  at  the  118  foot  level  and 
intersected  a  small  vein  below  the  south  end  of  the  pit.  This 
was  driven  on  north  and  south  for  about  145  feet  for  the 
greater  part  of  which  the  vein  averaged  about  15  inches  of 
quartz  with  about  6  dwts.  of  gold  and  this  increased  to 
18  inches  and  15}  dwts.  in  a  rise  up  to  the  old  working.  At 
the  north  end  of  the  level  the  quartz  went  into  stringers,  but 
in  a  winze  below  6  inches  of  quartz  assaying  14|  dwts.  of 
gold  was  found. 

The  general  results  show  that  the  old  working  was  of 
considerable  width  and  about  150  feet  long.  It  may  have  been 
sunk  on  a  large  lens  of  quartz  or  bunch  of  veins  but  the  quartz 
does  not  continue  north  and  south.  Some  of  the  quartz  is 
left  below  the  old  working  and  this  thins  out  and  decreases  in 
value  at  118  feet.     There  is  no  trace  of  it  at  200  feet. 

After  a  careful  examination  it  was  suggested  that  the  vein 
may  have  been  faulted  to  the  east  between  118  and  200  feet 
from  surface  though  this  is  very  doubtful.  The  results  ob- 
tained are  not  encouraging,  but  some  further  work  might  be 
recommended  in  continuation  of  the  winze  at  the  north 
end  of  the  118  foot  level  to  see  what  becomes  of  the  vein  and 
whether  it  opens  out  again  along  a  northerly  pitch. 

The  large  area  of  schist  in  which  the  Manighatta  old 
working  is  situated  is  very  similar  in  character  to  the  Kolar 
Field  and  carries  numerous  quartz  veins  which  are  slightly 
auriferous.  The  marked  absence  of  old  workings  is  an  un- 
favourable feature  and  means  the  absence  of  specific  points  for 
the  start  of  prospecting  work.  Trenching  has  not  led  to  any 
discoveries  and  it  is  only  on  account  of  the  similarity  of  the 
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country  to  that  of  the  Kolar  Field  that  one  might  be  tempted 
to  suggest  a  purely  speculative  effort,  to  the  extent  of  5  lakhs 
or  so,  to  be  spent  and  a  widely  spread  series  of  trenches  and 
small  shafts  and  cross  cuts.  It  is  possible  that  the  extensive 
capping  of  laterite  and  later ite  soil  may  conceal  valuable  out- 
crops which  under  other  circumstances  would  have  been 
marked  by  old  workings. 

THE    CENTRAL   OR   CHITALDRUG   SCHISTS. 

The  various  points  at  which  work  has  been  done  in  the 
Chitaldrug  Schists  will  be  taken  in  order  from  north  to  south* 

MaleJcal, — East  of  Davangere.  Mr.  Bruce  Foote  observed 
numerous  dumps  between  the  village  and  Halekalgudda  and 
considered  that  the  surface  soil  had  been  largely  turned 
over.  During  survey  work  in  1903,  Mr.  Slater  found  some 
old  workings  on  Halekalgudda  and  some  prospecting  work 
was  done  between  1907  and  1909,  under  prospecting  license 
No.  100  without  success.  Traces  of  gold  were  found  down  to 
a  depth  of  70  feet,  but  no  auriferous  veins  were  discovered. 
The  old  workings  appear  to  be  in  or  adjacent  to  quartzite  and 
have  been  examined  more  recently  (1915)  by  Mr.  Coleridge 
Beadon,  who  did  not  consider  them  worth  further  attention. 

Honnemaradi, — South-east  of  Jagalur  where  Bruce  Foote 
reported  the  existence  of  fine  reefs  and  veins  of  quartz.  In 
1905,  Mr.  Sampat  Iyengar  discovered  an  old  working  which  is 
reported  to  be  in  the  grey-trap  of  Chitaldrug.  A  prospecting 
license  was  taken  out  by  the  Madras-Mysore  Mining  Syndicate 
in  1907,  but  no  encouraging  prospects  were  found. 

Kotemaradi  and  Oonur. — North-east  of  Chitaldrug.  A 
number  of  old  workings  were  noted  by  Bruce  Foote  and  a 
mining  lease  taken  by  General  Cole  in  1890.  No  records  of 
any  work  done  are  available,  but  some .  of  the  pits  were 
examined  in  1897,  by  Mr.  Sambasiva  Iyer,  who  found  gold  in 
the  surface  materials  and  in  1906,  several  of  the  pits  and 
burrows  were  examined  and  prospected  by  the  department. 
Two  were  found  to  be  irregular  tunnels  about  25  feet  in  length 
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and  two  were  open  pits.  None  of  these  showed  any  defined 
vein  or  lode,  but  the  schist  contained  many  stringers  of  qaartz 
which  assayed  nil.  Washings  of  the  earth  from  the  sides  and 
bottom  showed  a  little  gold  as  also  did  those  from  the  nullas  to 
the  north  of  the  workings.  Subsequently  a  license  was  taken 
out  by  the  Madras-Mysore  Mining  Syndicate  and  a  small  shaft 
sunk  and  an  adit  driven  for  60  feet  without  obtaining  any  re- 
sults of  value.  A  considerable  amount  of  work  was  also  done 
in  the  hills  east  of  Ghikannanhalli  a  few  miles  to  the  north. 

In  the  central  body  of  the  schist  between  Hiriyur  and 
Huliyar  a  large  number  of  old  workings,  not  previously  known, 
have  been  found  during  the  course  of  survey  work  by 
Mr.  Sambasiva  Iyer  and  by  Messrs.  Wetherell  and  Sampat 
Iyengar  and  the  presence  of  gold  ascertained  by  washing  the 
dumps  and  materials  from  the  pits.  Subsequently  the  majo- 
rity were  closely  prospected  by  Mr.  Randolph  Morris  and  others 
and  a  number  of  licenses  and  leases  taken  out  by  him  and  by 
the  Indian  Mines  Development  Syndicate.  The  chief  points 
worked  are  the  following : — 

BodintaradL — About  seven  miles  north-west  of  Mari- 
kanave.  An  old  working  was  found  by  Mr.  Sambasiva  Iyer 
on  the  flank  of  Iplara  hill.  It  is  a  deep  narrow  excavation, 
bands  of  limonite  with  veins  of  powder  quartz  lying  between 
in  earthy  ferruginous  quartzite. 

An  adit  has  been  driven  through  the  western  bed  of 
quartzite  and  south  through  the  limonite  passing  through  and 
beyond  the  old  working  and  at  the  south  end  a  winze  has  been 
sunk  about  100  feet  and  some  short  levels  driven.  It  was 
expected  that  the  run  of  stufif  which  the  old  workers  followed 
would  be  met  with  in  the  winze,  but  nothing  satisfactory  was 
encountered.  A  stringer  of  rich  quartz  was  passed  through 
but  led  to  nothing.  An  interesting  feature  is  the  fact  that  the 
limonite  itself  showed  some  3  or  4  dwts.  of  gold  very  consis- 
tently over  width  of  about  8  feet  for  a  short  depth,  but  this  was 
not  found  to  continue  at  the  lowest  level  reached.  [1903-04.] 
The  work  was  abandoned  in  1904. 
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To  the  south  of  Javangondanhalli,  a  number  of  blocks 
were  taken  up  and  much  work  done  at  several  points  of  which 
we  may  mention  the  following  : — 

Javanhalli  Block. — The  workings  are  in  hornblende  schist 

with  some  dark  chlorite  schist.     Several  shafts  were  sunk  up 

to  200  feet  in  depth  and  a  number  of  drives  and  cross  cuts  put 

in  to  test  the  ground  beneath  the  old  workings  but  in  no  case 

was  any  payable  vein  or  lode  found  and  work  was  suspended 

in  1908.     [1907-08.] 

Annesidri. — The  workings  are  to  the  west  of  Javanhalli 
and  also  lie  in  hornblende  schist.  No  valuable  results  were 
obtained. 

Bajnanhalli  and  Ajjanhalli. — These  lie  five  or  six  miles 
to  the  south  of  the  above  in  the  chloritic  schists.  Little  work 
was  done  at  Eamanhalli  as  the  surface  prospects  were  not 
encouraging. 

At  Ajjanhalli  extensive  adits  and  cross  cuts  were  made 
in  the  Gavigudda  hill  in  which  a  very  considerable  ore  body 
was  met  with  at  depths  of  100  to  300  feet.  The  main  adit  is 
over  600  feet  in  length  in  ferruginous  quartzite  which  gave 
assays  from  J  to  6i  dwts.  In  the  main  cross  cut  east  for 
about  150  feet  the  mixed  chlorite  and  ferruginous  schists  gave 
assays  of  from  4  to  8  dwts.,  but  the  values  sank  to  1  dwt.  or 
less  in  the  cross  cuts  to  the  north  and  south  of  this.  The 
work  disclosed  a  very  considerable  body  of  schistose  lode  mat- 
ter which  was  very  carefully  sampled  and  a  bulk  sample  of 
200  tons  sent  to  Kolar  for  treatment.  The  average  assay 
value  of  the  bulk  sample  was  3*69  dwts.  but  the  mill  extrac- 
tion was  only  1*46  dwts.  per  ton. 

These  results  were  not  considered  good  enough  to  warrant 
further  work  but  they  are  more  encouraging  than  have  been 
met  elsewhere  in  this  area  and  might  be  deserving  of  further 
attention.     [1907-1908.] 

Duidivara, — Some  pits  which  were  considered  to  be  old 
workings  were  found  on  two  runs  of  ferruginous  quartzite 
south  of  Dindivara  village  about  six  miles  west  of  the  above 


40 

series  of  workings.  Mr.  Bosworth  Smith  took  oat  a  license 
in  1907,  and  pat  in  a  number  of  pits  and  trenches  from  which 
small  valaes  were  obtained  and  he  considers  that  the  gold  is 
in  these  ferruginous  quartizites  as  well  as  in  the  quartz  veins 
in  them.  The  gold  was  very  small  in  quantity  and  appears  to 
be  less  in  depth  than  at  surface. 

Bellara. — ^Work  was  carried  on  for  several  years  by  the 
Indian  Mines  Development  Syndicate  in  connection  with 
some  old  workings  originally  found  by  Mr.  Sambasiva  Iyer 
and  subsequently  prospected  by  Mr.  B.  H.  Morris.  They  are 
in  a  large  mass  of  altered  diabase  which  intrudes  the  chlorite 
schists.  The  principal  workings  are  on  a  small  hill  where 
there  is  an  outcrop  of  quartz  (Bellara  reef)  which  gave  some 
good  shows  of  gold  on  panning.  Three  shafts  were  sunk  and 
levels  driven  at  130,  230  and  330  feet.  There  was  a  good 
vein  of  quartz  but  the  values  were  very  low  and  work  was 
stopped  in  1905.  At  the  western  foot  of  the  hill  what  is 
known  as  Tank  reef  was  located  after  a  considerable  amount 
of  prospecting,  and  found  to  be  dipping  west.  Altogether  ten 
shafts  were  sunk  over  a  length  of  about  2,000  feet.  The  deep- 
est was  a  little  over  400  feet  and  a  number  of  levels  from  this 
and  other  shafts  disclosed  the  existence  of  a  quartz  vein  varying 
from  a  few  inches  to  two  and  a  half  feet  in  width  which  assayed 
from  a  trace  to  about  three  ounces  with  occasional  richer 
patches.  A  considerable  proportion  could  be  taken  out  at  an 
average  of  9  dwts.  or  so,  but  the  total  tonnage  is  too  small 
to  justify  the  erection  of  a  plant.  At  the  deepest  point  the 
quartz  was  nearly  4  feet  wide  but  of  no  value  and  at  other 
points  the  values  at  depth  were  all  small.  At  one  time  the 
results  appeared  to  be  quite  promising,  but  the  poor  results 
obtained  in  depth  caused  the  mine  to  be  abandoned. 

In  the  southern  portion  of  the  Ghitaldrug  schist  belt  and  in 
the  outlying  stringers  near  it,  several  old  workings  and  dumps 
have  been  noted.  A  large  number  of  leases  were  taken  up  in 
the  early  days,  but  no  promising  results  were  obtained  and 
very  little  work  done.     The  following  may  be  mentioned : — 
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Uanfiebagi. — East  of  Chiknayakaaihalli.  There  are  a 
number  of  shallow  workings  near  the  edge  of  the  schists 
which  are  partly  homblendic.  Some  trial  pits  on  the  quartz 
veins  gave  no  gold. 

KalinganahallL — Just  south  of  the  Kunigal  road.  There 
are  a  number  of  dumps  from  which  gold  can  be  washed  and 
probably  represent  the  turning  over  of  the  surface  soil  and 
debris. 

Nagamangala. — On  the  outlier  of  hornblendic  and  tal- 
cose  schists  west  of  the  town  there  are  numerous  quartz  veins 
which  were  favourably  noticed  by  Mr.  Bruce  Poote.  Little 
work  appesbrs  to  have  been  done  on  the  old  leases  which  have 
since  been  abandoned.  A  number  of  these  veins  were  sampled 
by  Mr.  Wetherell  during  survey  work  but  gave  nil  to  traces  of 
gold  with  sometimes  1  or  2  dwts.  of  silver;  and  further  work 
does  not  seem  to  be  advisable. 

Hunjafikere. — On  a  small  patch  of  hornblendic  schists 
about  7  miles  east  of  Seringapatam.  There  are  a  few  old 
workings  here  which  were  tested  in  1907  by  Mr.  J.  G.  Hooper 
under  an  existing  lease  [1906-07] .  Several  shafts  and  trial 
pits  were  sunk  and  three  quartz  veins  tested  one  of  which 
gave  occasional  assays  up  to  10  dwts.  The  country  and  lode 
matter  is  rather  like  that  at  Woolagiri,  but  on  a  small  scale 
and  no  indications  of  any  body  of  ore  were  found. 

Butgahalli. — North  of  Bannur,  There  are  some  old 
workings  here  on  a  small  patch  of  hornblendic  schists.  These 
were  prospected  by  the  department  in  1905-06  and  two  shafts 
sunk  and  several  trenches  made.  Some  small  shows  of  gold 
were  obtained  but  nothing  sufficiently  encouraging  to  warrant 
further  work.  An  extended  series  of  alluvial  washings  were 
made  at  the  same  time  at  Hunjankere  but  gave  only  minute 
traces  of  gold. 

V\^ST   CENTRAL    SCHISTS. 

A  number  of  old  workings  have  been  recorded  along  a 
stretch  of  country  in  the  Hassan  and  Mysore  Districts  from 
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Banavar  to  soath  of  Nanjangad.  The  positions  of  these  are 
shown  on  the  map.  They  lie  in  small  shreds  or  patches  of 
hornblendic  or  talcose  schist  or  schist  and  gneiss  and  many  of 
them  appear  to  be  unimportant  and  have  failed  to  attract 
serious  attention.  On  the  more  important  or  promising  look- 
ing a  good  deal  of  work  has  been  done  of  which  the  following 
is  a  brief  record : — 

yeteari.— Near  Haranhalli.  These  were  tested  by  the 
Mysore-Haranhalli  Gold  Mining  Company  in  1889-1890.  A 
trial  crushing  of  a  bulk  sample  of  the  stone  appears  to  have 
been  made  from  which  25  ozs.  of  gold  were  obtained,  but  the 
results  were  too  poor  to  justify  further  work  which  was  sus- 
pended in  1890  and  the  Company  transferred  its  activity 
elsewhere. 

Kempinkote. — (Hassan).  They  lie  on  an  isolated  patch 
of  hornblendic  and  talc-chlorite  schists  to  the  south  of  the 
Nuggihalli  schist  belt  where  there  is  a  very  large  old  working 
(over  600  ft.  in  length)  with  a  smaller  working  to  the  north  of 
it.  The  property  was  taken  up  by  the  Kempinkote  Gold 
Field,  Ld.,  with  a  capital  of  A'170,000  and  a  great  deal  of 
work  was  done  from  1893  to  1896.  The  ground  beneath  the 
old  workings  was  tested  by  two  shafts  to  a  depth  of  600  feet, 
several  thousand  feet  of  drives  and  cross-cut  being  put  in.  No 
very  definite  vein  of  quartz  or  fissure  lode  was  found,  but  a 
wide  zone  of  auriferous  schists  with  numerous  veins,  bunches 
and  lenses  of  quartz  was  disclosed  which  is  stated  to  have  been 
70  feet  wide  in  places  and  sometimes  up  to  150  feet  in  width 
with  intervening  schist  bands.  Much  of  the  quartz,  especially 
in  the  large  veins,  was  very  poor,  but  the  banded  schist  forma- 
tion sometimes  gave  an  average  of  8  to  10  dwts.  for  consider- 
able distances  and  widths.  The  occurrence  of  rich  pockets 
assaying  up  to  10  ozs.  was  a  noticeable  feature  and  helped 
to  raise  the  average  of  some  of  the  drives,  but  they  were  too 
few  and  far  between  to  produce  any  considerable  or  reliable 
influence.  A  great  deal  of  the  lode  formation  went  under 
1   or  2  dwts.   in  value  and   the  formation  appeared   to  be 
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narrowing  in  depth.  Taken  as  a  whole  the  formation  is  of  low 
grade  and  if  taken  out  in  bulk  the  average  would  probably  not 
exceed  some  2  dwts.  per  ton.  We  believe  that  this  represents 
the  opinion  of  Mr.  R.  H.  P.  BuUen  who  was  in  charge  of  the 
work  and  that  there  is  some  prospect  that  the  grade  might  be 
improved  somewhat  by  selection  or  sorting.  There  is  some 
reason  to  hope  that  the  property  will  be  taken  up  again  and 
given  a  further  trial  in  view  of  the  improvements  in  treatment 
a.nd  extraction  which  have  taken  place  in  recent  years.  If 
sufficient  material  could  be  obtained  to  give  an  output  of  100 
to  150  thousand  tons  a  year  of  an  average  value  of  5  dwts.  or 
so  and  with  a  simple  process  of  extraction  the  prospects  of 
working  at  a  profit  would  not  be  beyond  hope. 

Bellibetta. — There  are  a  number  of  workings  in  outliers 
of  the  schists  to  the  west  of  Krishnarajpet.  Of  these  the  most 
important  are  on  the  Bellibetta  hill  and  several  mining  leases 
were  taken  out  in  1886.  Little  work  appears  to  have  been  done, 
but  in  1901-02  an  option  was  acquired  by  the  New  Kempin- 
kote  Company  and  some  shafts  sunk  to  test  the  reefs  which 
the  old  workings  are  supposed  to  have  followed.  The  quartz 
was  practically  valueless.  Washings  from  the  dumps  and 
assays  of  float  quartz  gave  small  shows  of  gold  which  in  no 
case  exceeded  1  dwt.  per  ton. 

In  the  Mysore  District  there  are  several  old  workings  in 
the  neighbourhood  of  Hunsur  and  Nanjangud.  Of  these  the 
most  important  are  those  at  Woolagiri  (Volgere)  and  Amble 
and  a  large  amount  of  money  has  been  spent  from  time  to  time 
in  testing  them  and  the  schists  in  which  they  lie  and  they  have 
been  closely  examined  and  reported  upon  by  the  department. 

Amble. — On  this  block  the  old  workings  were  tested  about 
1895  by  a  small  S}mdicate  and  some  good  specimens  obtained. 
In  1899  to  1901  work  was  taken  up  by  the  New  Kempinkote 
Company  and  at  North  Amble  shafts  and  levels  to  a  depth  of 
178  feet  disclosed  a  quartz  vein  about  5  feet  in  width  which 
was  auriferous,  but  the  values  were  low  and  seldom  ran  above 
4  or  5  dwts.     At  South  Amble  sinking  was  continued  to  a 
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depth  of  200  feet,  but  with  the  exception  of  a  small  vein  below 
the  old  working  which  assayed  a  few  dwts.  nothing  was  found. 
A  large  vein  of  pegmatite  was  encountered  which  gave  assays 
as  high  as  15  grains  per  ton.  A  great  many  trenches  and  pits 
were  made  all  over  the  strip  of  schist  and  many  of  the  quartz 
veins  and  alaskites  were  found  to  contain  small  amounts  of 
gold  but  nothing  of  any  value  for  mining.     [1901.] 

Woolagiri. — A  large  old  working  lies  to  the  north  of 
Amble  workings  in  a  separate  patch  of  homblendic  schist. 
Early  work  is  said  to  have  yielded  some  rich  samples  from  a 
shaft  96  feet  deep  from  which  a  cross-cut  was  made  beneath 
the  old  working.  In  1906  work  was  taken  up  by  the  Nanjan- 
gud  Gold  Field  and  levels,  etc.,  driven  at  96  and  126  ft.  dis- 
closing a  complex  lode  of  quartz  and  altered  schist  over  20  ft. 
wide.  The  mine  was  sampled  and  reported  upon  department- 
ally  the  result  of  which  was  to  show  that  the  lode  averaged 
about  4  dwts.  of  gold  per  ton  about  l/5th  of  which  is  in  pyrites. 
[1901  and  1906-7.]  This  is  too  low  to  pay  and  it  was 
suggested  that  much  of  the  lode  material  (white  quartz,  granite, 
etc.)  could  be  picked  out  raising  the  remainder  to  from  7  to 
10  dwts.  and  that  if  a  sufficiently  large  body  could  be  proved 
it  might  be  possible  to  make  it  pay.  A  vertical  shaft  to  a 
depth  of  200  ft.  was  recommended  and  exploration  at  that  level 
to  see  if  the  lode  continued  or  improved.  This  work  was 
carried  out,  but  it  was  found  that  the  lode  had  narrowed  con- 
siderably in  depth  and  that  notwithstanding  some  bunches  of 
good  ore  the  average  value  was  low. 

A  five-head  stamp  mill  was  put  up  and  various  trial 
crushings  made  from  1906  to  1909.  The  trials  on  the  general 
samples  of  ore  sent  to  the  mill  averaged  3*26  dwts.  of  bar  gold 
per  ton  and  on  picked  ore  5*07  dwts.  The  tailings  probably 
averaged  about  1'5  dwts.  per  ton. 

The  mine  was  finally  reported  upon  by  Mr.  Bosworth 
Smith  (^)   in   1913  on  behalf   of  the   Eastern  Development 

(')  Mysore  Geological  Department,  Becords,  Vol.  XIII  p.  167. 
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Corporation  and  as  his  report   was  unfavourable   work  has 
been  abandoned. 

HONNALI   GOLD   FIELD. 

This  first  attracted  attention  in  1880.  A  large  number 
of  leases  were  taken  out  in  the  neighbourhood  of  Kudrikonda 
and  Palavanhalli  and  were  acquired  by  the  Honnali  Gold  Min- 
ing Company  with  a  capital  of  4  lakhs  of  which  about  2  lakhs 
was  available  for  working.  Owing  to  the  prevalence  of  gold 
in  the  soil,  some  rich  float  quartz  and  some  very  high  values 
were  obtained  during  prospecting  work.  Very  sanguine  re- 
ports were  drawn  up  and  a  good  deal  of  money  was  spent  on 
a  10-head  battery,  percussion  tables,  reverberatory  furnace, 
arastras,  etc.,  before  the  value  of  the  ore  bodies  were  proved. 
The  final  result  was  a  shortage  of  money  which  might  have 
been  more  usefully  spent  in  further  exploration.  The  principal 
work  was  done  at  Kudrikonda  where  there  were  some  old 
workings  most  of  which  were  proved  to  be  erratic  and  not 
very  deep.  At  the  main  shaft  a  reef  called  TurnbuU's  reef 
was  opened  up  to  q.  depth  of  165  feet  and  found  to  be  a  lenti- 
cular shoot  pitching  north  with  quartz  up  to  6  feet  in  width 
which  pinched  into  stringers  towards  the  bottom.  Four  other 
shafts  were  sunk  on  the  lode  to  the  north  of  the  main  work- 
ings but  gave  poor  results.  The  main  shoot  appears  to  have 
contained  very  rich  patches,  up  to  35  ozs.  to  the  ton,  but  the 
average  result  was  quite  low.  Altogether  2,586  tons  of  quartz 
were  obtained  and  yielded  528  ozs.  of  gold,  or  an  average  of 
about  4  dwts.  per  ton.  This  average  is  too  low  to  pay  and  the 
quantity  of  ore  to  be  obtained  is  apparently  small.  A  report  of 
the  Honnali  Company  published  in  1885  sums  up  the  results  of 
working  by  saying  that  each  ounce  of  gold  had  cost  the  Com- 
pany Rs.  139-10-5,  while  its  sale  value  was  only  Rs.  45-9-9. 

Funds  being  exhausted  the  mine  was  closed,  but  shortly 
afterwards  The  Honnali  Tribute  Syndicate  started  further 
work  most  of  which  was  carried  out  by  Mr.  James  Young  who 
has  kindly  furnished  the  following  particulars ; — 


46       . 

The  North  Air  Shaft,  which  lies  160  feet  north  of  main 
shaft  and  had  previously  reached  a  depth  of  90  feet,  was 
continued  to  260  feet  and  several  short  drives  and  cross-cuts 
put  in.  At  150  feet  the  reef  improved  to  4  feet  in  width  and 
showed  gold  estimated  at  from  18  dwts.  to  34  ozs.  per  ton. 
At  164  feet  it  passed  out  of  the  shaft.  At  the  200  feet  cross- 
cut only  stringers  were  found,  but  in  a  drive  north  some  small 
quartz  is  reported  to  have  been  several  ounces  in  value. 
About  130  tons  of  quartz  obtained  during  these  operations 
were  put  through  the  mill  and  yielded  100  ozs.  of  gold.  Not- 
withstanding some  high  values  the  work  done  failed  to  reveal 
any  valuable  body  of  ore  and  the  mine  was  finally  closed  down 
although  Mr.  Young  was  still  very  sanguine  about  finding 
something  more  substantial  with  further  work. 

There  can  be  no  doubt  about  the  existence  of  small  rich 
lenses  and  patches  in  this  field  and  that  others  would  be  met 
with  if  the  workings  were  considerably  extended.  Unfortu- 
nately a  few  rich  patches  do  not  make  a  mine  and  the  cost  of 
finding  them  and  extracting  the  gold  is  likely  to  exceed  the 
value  of  the  gold  won  as  shown  by  the  milling  results  of  the 
Honnali  Company. 

On  the  other  hand  these  isolated  patches  may  easily 
account  for  the  prevalence  of  gold  distributed  through  the  soil 
of  the  area  as  many  of  them  must  have  been  exposed  and 
broken  down,  with  resultant  separation  of  the  gold,  during  the 
long  denudation  of  hundreds  and  probably  thousands  of  feet  of 
the  schists  in  which  they  occur. 

The  number  15  Honnali  Gold  Mimng  CoTwpany.— Opened 
a  mine  about  1  mile  north-west  of  the  Honnali  Mine,  to  a 
maximum  depth  of  315  feet.  The  veins  and  stringers  were 
poor.  The  best  result  appears  to  have  been  a  vein  18  inches 
wide  worth  4  to  5  dwts,  which  was  found  in  the  north  level 
from  Air  Shaft. 

Palavanhalli  Gold  Mining  Company, — The  Company  did 
some  work  at  a  point  four  miles  south-east  of  the  Honnali  Mine, 
where  there  is  a  shallow  old  working.     A  main  shaft  was 
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sunk  to  100  feet  on  a  cross-cut  east  driven  bnt  no  ore  of  value 
was  encountered. 

After  a  long  period  of  inactivity  some  further  attention 
has  been  paid  to  this  field  during  recent  years.  Numerous 
washings  and  trial  pannings  have  been  made  by  the  depart- 
ment without  locating  any  promising  material. 

Under  prospecting  licenses  held  by  the  Eastern  Develop- 
ment Corporation  a  considerable  amount  of  prospecting  has 
been  carried  out  under  Mr.  Bosworth  Smith  v^hich  has  been 
referred  to  already  (p.  11)  and  which  will  be  continued. 

On  several  other  blocks  in  the  neighbourhood  of  Palavan- 
halli  a  good  deal  of-  work  was  done  a  couple  of  years  ago  on 
behalf  of  some  of  the  Kolar  Companies,  but  the  results  were 
poor  or  nil  and  the  licenses  have  been  given  up. 

SHIMOGA-TARIKERE    GROUP. 

A  reference  to  the  map  will  show  that  a  very  large 
number  of  old  workings  have  been  found  in  the  schists  around 
the  Shimoga  and  Tarikere  masses  of  granite  and  gneiss.  In 
these  schists  some  runs  of  fine  granite,  quartz  porphyry, 
quartzite  and  crush  breccia  or  conglomerate  have  been  found 
and  are  regarded  as  probable  representatives  of  the  Champion 
gneiss. 

At  Honnehatti,  Nandi,  Ajjampur  and  Bukkambudi  the 
old  workings  have  been  known  for  a  long  time  past,  but  a 
very  much  larger  number  were  discovered  subsequently—^ 
chiefly  by  Mr.  H.  K.  Slater — during  the  course  of  survey 
work. 

The  following  is  a  brief  account  of  the  mining  and  pro- 
specting work  at  the  principal  points  starting  from  the  west 
side  of  the  group. 

Ghornadihalli, — These  workings  lie  about  eight  miles 
south  of  Shimoga.  Mr.  Slater  found  a  large  number  of  pits  over 
a  considerable  area  both  in  the  chloritic  schists  and  in  the  pot- 
stones.  The  area  was  prospected  and  reported  upon  [1906-07] 
by  Mr.  Balaji  Eao  who  obtained  indications  of  gold  from  some 
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of  the  pits  and  adjacent  nullas.  No  auriferoas  quartz  was 
found  and  it  is  possible  that  many  of  the  pits  were  not  for 
gold.  The  prospects  are  not  promising  and  no  serious  work 
was  attempted  although  a  prospecting  license  was  taken  oat 
and  held  for  several  years. 

Honriehatti. — South  of  Benkipur  and  close  to  the  Bhadra 
river  a  very  large  number  of  old  workings  occur  on  the 
Honnegudda  hill  and  on  the  flats  to  the  south  of  it.  These 
have  attracted  a  great  deal  of  attention  since  1887  when  a 
lease  was  taken  out  by  the  Mysore-Nagar  Gold  Mining  Com- 
pany. In  more  recent  years  the  ground  has  been  extensively 
prospected  under  Mr.  Bosworth  Smith  and  Capt.  Lethbridge 
and  the  results  may  be  summarized  as  follows : — 

In  the  saddle  on  the  Temple  Hill  are  large  old  veorkings 
which  were  tested  by  an  adit  driven  into  the  hill  for  294  feet 
and  from  which  a  rise  was  put  up  into  the  old  workings. 
A  lode  formation  was  found  consisting  largely  of  massive 
quartz  with  pyrites  and  on  this  some  levels  were  driven  and 
a  winze  sunk  to  74  feet  below  the  adit  level.  The  samples 
showed  that  the  lode  or  vein  averaged  about  2\  dwts.  per  ton, 
the  highest  assay  being  8  dwts.  The  pyrites  carries  gold 
to  the  extent  of  about  12  dvrts.  per  ton.  This  material  was 
obviously  unworkable  and  attention  was  directed  to  the  low 
ground  between  the  hill  and  the  river. 

In  this  ground  there  are  a  very  large  number  of  eld 
workings  spread  over  a  large  area,  the  principal  ones  being 
grouped  along  three  parallel  lines.  One  or  two  of  these  are 
more  than  50  feet  deep,  but  the  majority  are  much  shallower. 
The  Mysore-Nagar  Company  sunk  two  shafts  and  put  in  some 
pits  and  trenches  but  the  results  were  poor. 

The  No.  1  shaft  was  100  feet  deep  and  in  a  cross-cut 
west  at  80  feet  a  vein  eight  inches  wide  assaying  2}  dwts. 
was  found.  Nothing  of  value  was  found  and  as  water  was 
heavy  work  was  stopped. 

The  White  Cedar  shaft  was  sunk  for  95  feet  and  at  83 
feet  a  drive  was  put  in  just  below  the  old  working.     Stringers 
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and  veins  of  quartz  were  found  which  occasionally  showed 
gold,  but  the  average  results  were  very  low. 

Mr.  Bosworth  Smith  reported  on  the  property  in  1903 
and  found  that  the  mineralized  lode  from  the  bottom  of  White 
Cedar  shaft  gave  about  3J  dwts.  and  from  the  drive  at  83 
feet  some  7^  dwts.  He  also  found  that  picked  samples  rich 
in  sulphurets  (iron  and  copper  pyrites  and  blende)  gave  14  to 
17  dwts.  and  that  the  concentrates  from  these  gave  about  2 
ozs.  per  ton.  He  formed  the  opinion  that  although  there  may 
have  been  a  good  deal  of  free  gold  in  the  broken-down  and 
weathered  materials  near  the  surface,  on  which  a  large  num- 
ber of  the  shallow  old  workings  were  made,  at  greater 
depths  the  greater  part  of  the  gold  was  in  the  pyrites  and 
that  the  ore  would  be  refractory  and  require  concentration. 
He  thought  that  considerable  bands  of  mineralized  lode  mat- 
ter (quartz  and  schist)  might  be  found  which  would  pay  to 
extract. 

Subsequent  work  has  not  disclosed  any  considerable 
lenses  or  bands  of  payable  material  although  several  thousand 
feet  of  trenches  were  put  in  and  a  large  number  of  pits  sunk 
on  veins  which  showed  from  a  trace  to  20  dwts.  to  the  ton, 
but  which  invariably  pinched  out  or  became  poor  in  depth. 
The  results  have  been  very  disappointing  but  it  may  be  noted 
that  Mr.  Bosworth  Smith's  main  recommendation  was  not 
carried  out.  This  was  to  sink  a  shaft  to  300  feet  a  little  west 
of  the  White  Cedar  shaft  and  ascertain  whether  any  suffici- 
ently large  lenses  or  bands  of  heavily  mineralized  lode 
matter  were  to  be  found  below  water  level.  The  expense  of 
the  necessary  plant  and  the  poor  results  already  obtained 
no  doubt  accounted  for  this,  but  it  is  possible  that  some  one 
will  still  have  the  courage  to  carry  it  out. 

TambadihdllL — Around  Tambadihalli  and  Shinganmane 
many  old  workings  have  been  found  in  the  jungles — mostly 
nearly  filled  in  and  covered  with  soil  and  leaves.  Work  was 
carried  on  for  several  years  by  the  Shimoga  Gold  Fields,  details 
of  which  will  be  found  in  the  Mines  Reports  for  190G-07  and 
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1907-08.  At  seven  di£Ferent  places  shafts  were  opened  np  to 
a  depth  of  100  feet  or  so  and  drives  put  in.  In  three  or  four 
places  rich  stringers  and  lenses  of  quartz  were  found  running 
several  ounces  to  the  ton ;  but  in  no  case  did  any  of  them 
continue  for  any  considerable  distance  or  make  into  a  work- 
Able  bc)dy  of  ore. 

Teak  Plantation  Block, — Some  work  was  done  in  1908-09 
on  the  old  working  here  which  was  unbottomed.  It  was  found 
that  the  pit  had  been  sunk  on  a  small  rich  shoot  of  quartz 
which  had  a  length  of  about  40  feet  and  carried  several  ounces 
of  gold  and  no  pyrites.  At  20  to  30  feet  below  water  level 
the  shoot  had  shortened  to  20  feet  and  was  evidently  pinching 
rapidly  and  as  the  water  was  very  heavy,  work  was  stopped. 
It  is  a  point  which  will  doubtless  be  attacked  again  if  the 
neighbouring  workings  at  Jalagargundi  are  reopened  and  staff 
and  machinery  are  available. 

Jalagargundi, — This  is  the  most  important  point  in  this 
group.  There  is  one  very  large  pit  and  a  number  of  smaller 
ones  scattered  about  in  chloritic  and  talcose  schists  and  pot- 
stones.  A  large  amount  of  work  has  been  done  [1907-08; 
1908-09] .  No.  1  shaft  was  sunk  to  a  depth  of  230  feet  close 
to  the  large  pit  and  some  quartz  about  two  feet  wide,  said  to 
be  worth  15  dwts.,  was  found  at  about  160  feet.  At  190  feet 
the  quartz  was  wider,  but  carried  only  from  a  trace  to  4  dwts. 
At  No.  2  shaft,  a  lode  was  cut  at  170  feet  said  to  be  worth  15 
dwts.  and  10  or  12  feet  wide.  At  200  feet  it  is  about  11  feet 
wide  and  said  to  be  of  fair  though  variable  value.  In  a  drive 
to  the  west  the  lode  became  poor,  but  for  105  feet  to  the  east 
it  was  estimated  to  be  worth  over  1  oz.  In  1913  the  lode 
along  the  east  drive  was  stoped  out  for  1 50  feet  for  a  height 
of  5  feet  of  which  a  general  sample  gave  just  over  10  dwts. 
By. picking  out  the  white  barren  quartz  the  balance  (69  per 
cent)  gave  an  average  of  nearly  14  dwts.  [1913-14]. 

The  lode  is  a  sort  of  finely  granular  and  banded  quartz 
schist  with  some  calcite  and  chlorite  and  fine  parallel  lines 
of  oxide  of  iron  dust.     Alongside  and  penetrating  it  is  a  large 
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blow  or  vein  of  white  glassy  quartz  which  is  barren.  The  gold 
is  mostly  free  and  the  lode  is  richly  studded  with  small  crys- 
tals of  pyrites  which  carry  little  if  any  gold.  Work  is  stopped 
at  present,  but  it  is  expected  that  fresh  funds  will  be  forth- 
coming to  continue  operations. 

ShiddarJialli. — The  old  workings  are  on  the  crest  of 
some  low  hills  and  at  the  bottom  of  the  principal  working  the 
lode  which  was  mixed  quartz  and  schist  gave  some  4  dwts. 
per  ton.  An  adit  was  driven  from  the  north  face  of  the  hill 
and  cut  the  lode  formation  at  291  feet  about  100  feet  below 
surface.  The  lode  was  driven  on  for  120  feet  east  of  which 
the  first  50  feet  was  on  an  average  5  feet  wide  and  about  9J 
dwts.  in  value  and  from  there  to  the  end  about  6|  dwts.  and 
getting  narrower  and  finally  splitting  up.  The  west  drive 
disclosed  a  body  of  ore  5  feet  wide  giving  assays  of  from  6 
dwts.  to  1  oz.  with  an  average  of  12 J  dwts.  At  45  feet  a 
cross  lode  carrying  graphite  was  met  with,  beyond  Which  the 
main  lode  narrowed  from  one  foot  to  stringers  in  a  distance  of 
16  feet.  Several  other  drives  were  put  in  showing  low 
values  and  levels  were  driven  at  75  feet  below  the  a^it  level 
which  showed  very  crumpled  and  disturbed  country  and  prac- 
tically no  lode  formation  of  any  value.  Work  was  suspended 
in  1913  as  results  did  not  justify  further  expenditure,  the 
small  run  of  ore  below  the  old  workings  having  disappeared  in 
depth  as  well  as  east  and  west  and  the  country  being  too 
disturbed  to  hold  out  much  hope  of  picking  up  any  continua- 
tion of  it. 

Nandi  (Hoshallz). — A  few  workings  occur  between  Shid- 
darhalli  and  Nandi  Hill,  south  of  Tarikere,  but  nothing  has 
been  found  by  the  prospecting  work  done  at  several  points. 
The  old  workings  at  Nandi  and  Chattanhalli  were  prospected 
departmentally  by  Mr.  Primrose  in  1897  (Records  Volume  II; 
pages  57-61)  who  found  little  except  small  shows  of  gold  in 
some  of  the  nullas.  Since  then  the  ground  has  been  held 
under  a  mining  lease  and  two  of  the  workings  on  Nandi  Hill 
cleared  out  to  depths  of  120  and  210  feet.     The  assays  did 
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not  exceed  a  few  dwts.  and  the  prospects  have  not  been  con- 
sidered suflSciently  good  to  warrant  much  expenditure  and 
comparatively  little  work  has  been  done.  Recently  [1912-13] 
one  of  the  workings  on  the  west  side  of  the  Tarikere  road  was 
tested  by  a  vertical  shaft  to  a  depth  of  198  feet  and  some 
quartz  veins  of  little  value  found. 

To  the  west  of  the  long  series  of  workings  described 
above  some  others  have  been  found  at  Hoshalli  and  Devrukal 
(Aramballi)  not  far  from  Yedahalli.  Those  at  Hoshalli  are  in 
dark  hornblendic  rocks  and  amphibolite  and  the  pits  and 
trenches  disclosed  little  of  interest  with  the  exception  of  a 
vertical  vein  about  4  inches  wide  giving  assays  up  to  10  dwts. 
but  showing  no  tendency  to  widen  out. 

At  Devrukal  the  workings  are  in  potstone  and  talcose 
schists.  The  dumps  gave  hardly  any  traces  of  gold  and  a 
long  adit  driven  below  the  largest  pit  failed  to  find  any  lode 
of  value.  It  is  by  no  means  certain  that  these  workings  were 
for  gold,  but  no  other  mineral  has  been  observed  with  the 
exception  of  a  little  chromite. 

Ajjampur, — Passing  to  the  north  side  of  the  TarikSre 
gneiss  we  come  to  some  old  workings  on  the  hills  to  the  west 
of  Ajjampur.  These  were  described  by  Mr.  Sambasiva  Iyer 
in  1897  (Records,  Volume  I,  page  92)  and  the  subsequent 
work  inspected  and  reported  upon  by  Dr.  Smeeth  [1901] . 
The  workings  are  in  a  series  of  chloritic  and  felspathic  quart- 
zites  or  quartzose  schists  which  are  now  thought  to  be 
associated  with  the  Champion  gneiss.  There  are  two  large 
pits  named  Hondonna  and  Hakkidonna  and  a  good  deal  of 
work  was  done  by  the  Kadur-Mysore  Gold  Mining  Company. 
Hondonna  lies  a  little  north  of  the  temple  on  the  top  of  the 
hill.  It  is  a  large  pit  choked  with  debris  and  an  adit  was 
driven  which  entered  it  at  150  feet  below  surface.  Little 
information  was  available  as  to  what  had  been  found  but 
apparently  nothing  good.  At  Hakkidonna,  which  is  on  the 
slopes  of  the  hill  at  a  lower  level,  the  old  working  is  in  the 
form  of  an  irregular,  steeply-inclined  shaft  or  burrow  which 
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has  been  proved  to  a  depth  of  300  feet.  Adits  were  driven  in 
Qiiid  levels  and  drives  opened  up  round  the  old  working,  to  a 
depth  of  300  feet,  which  failed  to  reveal  any  valuable  body  of 
ore.  The  shape  of  the  working  points  to  a  pipe  or  narrow 
shoot  of  ore  having  been  taken  out.  A  large  number  of  sam- 
ples gave  very  poor  results,  the  highest  being  2'2  dwts.,  and 
there  appears  to  be  nothing  to  encourage  further  expenditure. 
Bukkambudi. — A  few  miles  north  of  Ajjampur  on  the 
hill  overlooking  the  tank.  There  are  considerable  excavations 
with  inclined  and  branching  tunnels  or  burrows  in  a  series  of 
talc-chlorite  schists   veined   with   quartz   and   calcite.      The  I 

workings  originally  attracted  the  attention  of  Mr.  Mervyn 
Smith  who  applied  for  a  mining  lease  but  did  not  take  it  up 
or  do  any  prospecting.  He  reported  the  presence  of  zinc  and 
lead  sulphides  with  some  silver.  The  workings  have  been 
examined  departmentally  during  the  course  of  survey  work 
and  there  seems  to  be  little  to  justify  expenditure  on  them. 
The  irregular  shape  and  branches  appear  to  indicate  that 
some  branching  shoots  or  impregnations  were  followed  and 
taken  out.     The  lead  and  zinc  sulphides  are  in  irregular  bands  tin 

or  streaks  in  the  rock  and  samples  broken  from  the  faces  give  I  |i 

less  than  one  per   cent   of  concentrates   containing  galena,  ^j 

blende  and  pyrites  in  a  fine  state  of  division.  Small  veins  of 
quartz  as  well  as  the  mineralized  rock  give  small  traces  of  gold 
and  it  is  probable  that  the  old  workers  removed  some  small 
shoots  or  richly  impregnated  and  oxidised  patches  of  ore  carry- 
ing free  gold.  So  far  as  can  be  seen  the  quantity  of  mineral- 
ized rock  is  small  and  the  percentage  of  mixed  concentrates 
insignificant. 

Summary. 

An  endeavour  has  been  made  to  summarize  as  briefly  as 
^possible  the  present  state  of  our  knowledge  about  the  occur- 
rence of  gold  in  Mysore  and  the  prospects  of  further  develop- 
ments of  mining  work.  It  will  be  evident  that  the  hopeful 
predictions  of  Bruce  Foote  and  of  many  of  the  earlier  pro-  i  \  )l 

spectors  have  been  seriously  discounted  by  the  large  amount  of  i  I  ^ 
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mining  work  which  has  been  done  at  very  considerable  cost 
These  predictions  were  based  on  the  successful  results  which 
were  then  being  obtained  beneath  the  old  workings  at  Kolar, 
on  the  fact  that  many  other  old  workings  were  known  in 
other  parts  of  the  State  but  not  tested,  and  on  the  fallacy — 
then  so  prevalent  and  not  yet  quite  dead — that  even  though  a 
mine  or  lode  was  comparatively  poor  at  surface  the  odds  were 
in  favour  of  its  increasing  in  richness  at  greater  depths. 

The  work  which  has  since  been  done  by  the  Geological 
Survey  and  by  various  mining  and  prospecting  parties  has 
shown  that  the  Kolar  Gold  Field  possesses  unique  features  in 
the  number  and  size  of  the  rich  shoots  situated  on  one  or 
more  well  defined  veins  (which  might  properly  be  described 
as  fissure  veins)  which  are  not  repeated  in  other  parts  of  the 
State  where  old  workings  occur.  This  would  not  prevent  the 
opening  up  of  individual  mines  if  the  shoots  on  which  the  old 
workings  were  sunk  were  found  to  continue  in  depth,  and 
some  may  yet  be  found  to  do  so.  In  the  vast  majority  of 
cases  however  we  have  definitely  shown  that  this  is  not  the 
case  and  that  many  of  the  old  workings  are  on  what  may  be 
regarded  as  the  mere  stumps  of  shoots  remaining  after  denu- 
dation of  the  upper  parts.  Many  others,  especially  in  the 
chloritic  series,  have  been  excavated  on  small  rich  lenses  of 
limited  extent  and  not  connected  with  other  lenses  by  well* 
defined  veins  which  could  be  followed  in  the  hopes  of  finding 
other  lenses  within  reasonable  distances.  Other  workings 
again  are  on  veined  or  impregnated  zones  of  schist  the  upper 
weathered  portions  of  which — in  which  there  may  have  been 
secondary  concentration — were  sufliciently  rich  in  free  gold 
while  the  unaltered  portions  below  are  too  poor  to  pay. 

The  Kolar  Gold  Field  is  likely  to  continue  a  successful 
career  for  several  decades  and  thef  area  of  ground  mined  may 
possibly  be  extended  on  the  south  and  near  the  north  of  the 
Field.  It  is  hoped  that  some  further  work  will  be  done  at 
Manighatta  in  view  of  the  fact  that  a  small  shoot  has  been 
found,  that  this  large  body  of  schists  is  so  similar  in  character 
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and  disposition  to  the  Eolar  Field  and  that  gold  is  prevalent 
in  the  soil  and  nullas  of  the  area. 

In  other  parts  of  the  Province  work  will  no  doubt  be 
resumed  later  at  Jalagargundi  and  on  the  Honnali  Field  ;  and 
the  prospects  of  opening  up  some  large  low  grade  bodies  of 
schist  or  lode,  susceptible  of  cheap  mining  and  extraction,  at 
such  points  as  Honnehatti,  Ajjanhalli  and  Kempinkote 
(Hassan)  may  yet  attract  the  attention  of  capitalists  who  are 
prepared  to  spend  considerable  sums  on  speculative  ventures: 
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Iron. 

Iron  Ores. 

Iron  ores  are  widely  distributed  in  the  State  bat  very 
variable  in  character ;  and  in  comparatively  few  places  are  they 
found  in  sufficient  abundance  and  purity  to  be  worth  attention 
for  work  on  a  commercial  scale  under  modern  conditions. 

The  following  classification  seems  to  be  in  accordance  with 
the  numerous  observations  so  far  recorded  by  the  survey : — 

(1)  Banded  ferruginous  quartz  rock  which  occurs  as  a 
common  integral  component  of  the  Dharwar  Schists. 

(2)  Desilicified  portions  of  (1)  with,  in  some  cases, 
addition  of  iron  from  solution  or  by  metasomatic  replacement 
of  quartz  and  silicates.  These  form  rich  haematite  and  limo- 
nite  ores. 

(8)  Zones  or  layers  of  massive  ore  probably  the  result 
of  the  metasomatic  replacement  of  silicates  (igneous  and 
metamorphic  schists)  by  oxides  of  iron.  These  are  either 
limonites  or  haematites  and  are  sometimes  associated  with  (1) 
and  sometimes  not.  In  some  places  they  are  associated  with 
manganese  ores. 

(4)  Magnetite  and  haematite  lenses  which  appear  to  be 
of  magmatic  origin  associated  with  ultra-basic  rocks  intrusive 
into  the  Dharwar  Schists.  They  are  usually  highly  titani- 
ferous. 

(5)  Quartz  magnetite  ores  which  appear  to  be  of .  mag- 
matic origin  and  genetically  related  to  the  Ghamockite  series 
and  therefore  subsequent  to  the  Dharwar  Schists  and  to  the 
fundamental  gneiss.  There  are  some  runs  of  solid  magne- 
tite-haematite ore  in  the  same  neighbourhood  which  may  belong 
to  this  series,  but  as  connecting  evidence  is  wanting  we  have 
not  definitely  classed  them. 
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A  note  on  these  various  types  and  their  mode  of  occur- 
rence will  be  found  in  Records  Volume  XIV,  page  34,  and  the 
present  notes  jvill  be  confined  to  the  more  important  loca- 
lities which  have  been  investigated  and  the  quantities  and 
character  of  the  ores  available.  A  number  of  analyses  are 
given  in  Tables  5,  6  and  7  and  will  be  referred  to  where 
necessary  by  their  serial  numbers. 

ORES   OP   THE   BABABUDAN   HILLS. 

The  Bababudan  Hills  lie  a  few  miles  north  of  Chikma- 
galur  in  the  Kadur  District.  They  form  a  ring  or  horse-shoe- 
shaped  chain  of  hills  enclosing  the  Jagar  valley  with  an 
opening  at  the  west  side  where  the  Somavahini  river  flows 
out.  The  crest  of  the  ring  is  formed  nearly  entirely  of  banded 
quartz  iron  ores  (ferruginous-quartzites)  dipping  inwards 
at  angles  of  about  45^.  The  iron  ore  in  these  rocks  is  largely 
haematite  with  some  magnetite.  In  places,  chiefly  along  the 
eastern  crest  for  some  miles  north  of  Attigundi,  the  rock  con- 
tains much  more  magnetite  than  haematite  and  bands  of  the 
former,  up  to  2  or  3  inches  thick,  alternate  with  finely  granu- 
lar quartz. 

These  more  magnetic  portions  of  the  series  yield  from  35 

to  50  per  cent  of  magnetic  concentrate, 

but  the  results  which  could  be  obtained  in 
commercial  concentrators  and  the  grade  of  the  concentrates 
have  not  been  determined  yet.  Large  quantities  of  such 
concentrates  could  be  obtained  but  they  would  be  two  or  three 
times  as  expensive  as  the  haematite  ores  which  will  be  described 
below  and  the  expense  would  be  justified  only  if  the  product 
was  very  high  in  iron  and  very  low  in  impurities — especially 
in  phosphorus  and  sulphur.  This  is  a  point  to  be  determined 
by  further  investigation. 

On  the  eastern  side  of  the  chain  the  ores  lie  at  surface  in 

gentle  undulations  with  some  steeper 
"LtoUiitc!"''  folds   and   crumples.     The   lower   layers 

are  thick  beds  of  the  banded  ferruginous 
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quartzite  which  are  overlaid  by  a  series  of  banded  iron  ores 
and  ochres  with  numerous  layers,  bands  or  lenses  of  hsBma- 
tite  and  limonite.  Many  of  these  harder  bands,  which  may 
be  several  feet  thick,  outcrop  in  scarps  or  in  long  lines  of  disT 
jointed  blocks  over  an  area  of  30  square  miles  or  so  from 
Kemmangundi  on  the  north  to  Attigundi  on  the  south  and 
between  Kalhattigiri  and  Yirupakshikan,  east  and  west.  The 
various  ore  fields  or  patches  of  ore  are  separated  by  intrusive 
diabases  or  diorites,  which  are  often  altered  into  ferruginous 
clays,  or  by  patches  of  soil  and  jungle  or  ferruginous  quart- 
zites  where  the  overlying  series  has  been  denuded  away.  A 
great  many  million  tons  of  ore  exist  in  this  area  but  in  widely 
separated  patches,  and  transport  from  one  point  to  another 
would  be  diflQcult  owing  to  the  roughness  of  the  country  and 
the  numerous  ravines  and  nullas.  For  practical  purposes  it 
would  be  necessary  to  select  some  particular  ore  field  where 
sufficient  ore  could  be  obtained  to  run  the  proposed  smelting 
plant  for  many  years. 

It  is  interesting  to  note  that  in  some  places  the  ferru- 

ginous-quartzites  appear  to  pass  upwards 
into  laminated  and  porous  haematite  by 
the  removal  of  the  quartz  in  solution.  This  is  well  seen  along 
the  track  about  J  mile  north-west  of  the  bungalow  on  A  5590 
and  at  points  round  the  north-west  slopes  of  the  Giri.  A  pit 
at  the  former  point  was  sunk  in  this  ore  at  a  little  higher 
level  than  the  point  at  which  the  underlying  banded  quart- 
zites  are  exposed  in  a  nulla  close  by.  An  average  sample  of 
the  pit  is  shown  in  analysis  No.  14  and  shows  good  ore  with 
practically  no  silica.  There  is  a  large  quantity  of  this  material 
but  it  is  friable  and  would  probably  produce  too  much  fines 
for  blast  furnace  work.  The  only  point  which  raises  some 
doubt  as  to  its  origin  is  the  amount  of  alumina  present  (nearly 
10  per  cent).  It  is  not  known  how  much  alumina  the  banded 
quartzites  contain  and  the  large  amount  of  this  constituent 
rather  suggests  that  there  may  have  been  intercalated  bands 
of  trap  in  the  original  rock. 
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The  more  valuable  bands  of  harder  haematite  and  limo- 

nite  occur  in  a  banded  series  overlying 

Replacenvfit  Ores.  j^v       ^  j.   -i.  j    f  xi. 

the  ferrugmous  quartzites  and  from  the 
evidence  obtained  in  a  number  of  prospecting  pits  the  series 
was  probably  originally  composed  of  bands  of  mica-chlorite 
schists  and  chloritic  and  hornblendic  trap.  Their  original 
character  can  only  be  surmised  as  they  are  now  completely 
converted  into  banded  iron  ores  and  ochres  with  varying 
bands,  etc.,  of  harder  haematites  and  limonites.  The  hardened 
bands  give  bold  outcrops  between  which  much  of  the  surface 
presents  an  indurated  crust,  2  to  5  feet  thick,  beneath  which 
the  more  finely  banded  ore  and  ochre  is  comparatively  soft. 
The  original  rocks  appear  to  have  been  completely  altered  by 
removal  of  the  silica,  lime  and  magnesia,  very  little  of  which 
remain,  and  the  concentration  of  the  iron.  The  harder  bands 
of  haematite  and  limonite  are  probably  those  in  which  there 
|ias  been  considerable  deposition  of  iron  from  solution  over 
and  above  the  general  concentration  effected  by  metasomatic 
replacement,  and  in  some  cases  the  hardened  haematite  has 
been  observed  io  penetrate  the  banded  ores  and  ochres  in 
branching  veins   transverse  to  the  banding. 

The  harder  crust,  much  of  which  is  fairly  good  ore  though 

often  somewhat  high  in  phosphorus,  gives 

The  Crust.  ,  ^'         .  0  ,y  ,      ^ 

a  deceptive  impression  of  the  amount  of 
smelting  ore  available ;  for,  on  being  broken  through,  it  passes 
into  soft  banded  ores  and  ochres  of  which  probably  50  per 
cent  would  have  to  be  rejected  as  too  fine  and  soft.  Such 
rejectable  material  is  represented  by  the  waste  dumps  from 
the  pits  at  Kemmangundi  (analyses  29,  30  and  31)  which  pro- 
bably average  from  50  to  55  per  cent  of  iron  and  about  0'12 
per  cent  phosphorus.  Samples  of  the  crust  4  to  8  feet  thick 
are  represented  by  analyses  14,  17  and  18  containing  from  51 
to  61  per  cent  of  iron  with  about  0*1  per  cent  phosphorus  and 
a  good  deal  of  combined  water.  Nos.  17  and  18  are  mostly 
vesicular  limonite  and  No.  14  chiefly  haematite. 
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In  low  lying  places  especially  where  the  crust  has  been 

denuded  or  much  altered  by  water  we  get 
a  highly  vesicular  or  lateritoid  (^)  layer 
developed  on  top  of  the  banded  ores  and  even  passing  down- 
wards between  the  hfurder  bands,  which  are  sometimes  broken 
up  into  fragments  by  gradual  subsidence  and  collapse.  One 
such  place  is  at  the  road  cutting  at  the  western  end  of  the 
Kemmangundi  field  where  a  face  of  10  feet  of  finely  banded  ore 
and  ochre  gave  analysis  5  and  the  lateritoid  layer  over  it,  into 
which  it  appears  to  have  altered,  gave  analysis  6.  These  are 
reproduced  below  for  comparison  showing  the  increase  in 
alumina  and  the  marked  increase  in  phosphorus : — 

SiOa       AlaOfl         Fe        Mn  S  P  Ti02 

No.  6    ...    3*68  6*66       65-11        0  80       0062       0044 

No.  6    ...    3-28        10-04       4806         ...         0087       0*244        105 

In  one  of  the  pits  at  Kemmangundi  rather  soft  and  earthy 

or  stony  looking  red  to  black  ore  was  met 
with  for  a  depth  of  9  feet.  It  is  compact, 
non-banded  and  breaks  with  conchoidal  fracture  into  lumps 
and  small  fragments  and  is  suggestive  of  a  completely  altered 
band  of  trap.  Of  the  material  excavated  40  per  cent  was 
sorted  out  as  lump  ore  2  to  3  inches  and  over.  This  gave 
analysis  No.  24  with  nearly  64  per  cent  of  iron  and  would 
form  a  valuable  ore  if  it  will  stand  transport.  There  is  probably 
a  large  body  of  it.  The  remaining  60  per  cent  is  inferior  and 
9ontains  much  more  silica  and  phosphorus  but  can  be  readily 
torted  out. 

These  are  the  best  and  most  valuable  portions  of   the 

series  and  include  the  outcrop  blocks  and 
the   harder  bands   below   surface.      The 
analyses  given  show  their  character. 


(1)  *  Lateritoid '  is  a  term  suggested  by  Dr.  Fermor  to  denote  highly  vesicular 
ferruginous  material  having  somewhat  the  aspect  of  laterite  though  not  sufficiently 
similar  to  typical  laterite  to  permit  of  the  latter  term  being  employed  or  generally 
Admitted.  Vide  *' The  Manganese  Ores  of  India"  by  L.  Leigh  Fermor,  D.sc, 
^.R.8.M.,  Memoirs  of  the  Geological  Survey  of  India,  Volume  XXXVII,  p.  888. 
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The  following  remarks  refer  to  the  Kemmangundi  area. 
Analyses  1  to  4  are  from  the  main  scarp  over  a  length  of  1,000 
feet  or  so.  7  to  10  are  from  central  outcrops  and  11  to  13  are 
from  a  new  deposit,  a  mile  farther  north  and  close  to  the  gorge 
leading  through  the  outer  escarpment  of  the  Bababudans  to  the 
low  country.  All  of  these  are  outcrop  samples  and  run  from 
61  to  65  per  cent  iron  and  about  002  to  0'05  per  cent  phos- 
phorus. No.  19  represents  bands  of  hard  hsBmatite  at  a  depth 
of  13  feet  but  sufficient  work  has  not  been  done  to  show  how 
numerous-  these  bands  are  or  to  what  extent  the  heavier  out- 
crops continue  downwards. 

In  the  valley  in  the  middle  of  the  deposit  there  is  alluvial 
soil  underneath  which  is  a  considerable  thickness  (14  feet 
in  places)  of  pebbles  and  small  boulders  represented  by 
analyses  26  to  28. 

The  foregoing  account  shows  the  very  complex  character 
^     ^._  ^  ^  of  these  deposits  and  without  much  fur- 

Qwintlty  of  Ore.  ^ 

ther  deep  prospecting  and  sorting  it  is 
impossible  to  speak  very  definitely  about  quantities  and  grades. 
The  following  estimates  refer  only  to  the  Kemmangundi  field 
and  must  be  regarded  as  tentative  and  are,  we  believe,  conser- 
vative. 

The  area  of  the  ferruginous  deposits  on  the  Kemman- 
gundi field  is  almost  50  acres  and  the  conditions  noted  as 
occurring  beneath  the  surface  crust  may  be  expected  to  con- 
tinue to  depths  of  50  feet  and  probably  more. 

If  we  take  an  average  depth  of  25  feet  the  total  tonnsbge 
would  be  nearly  4,000,000  allowing  2  tons  per  cubic  yard,  and 
the  average  composition  about  the  following  : — 

{a)  Iron-57    per    cent;    Silica-2   per    cent;    S-0'05; 
P-008. 
About   50  per  cent  would  have  to  be  rejected  as  too  fine 
and  soft  for  blast  furnace  work  and  the  remaining  50  per  cent 
would  be  rather  better  throughout  than  the  above  average. 

This  would  give  some  2,000,000  tons  of  usable  ore  out  of 
which  we  might  expect  to  get — 
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(b)  500,000  tons  running  61  to  62  per  cent  iron  and 

0'05  per  cent  phosphorus. 

(c)  1,500,000  tons  running  56  to  57  per  cent  iron  and 

0*09  per  cent  phosphorus. 

From  the  smaller  deposit,  about  30  acres  in  extent,  near 
the  gorge  about  1  mile  north  of  the  former,  we  might  expect 
at  least  half  these  quantities,  but  as  this  has  not  been  pro- 
spected yet  this  is  merely  a  general  assumption. 

However  from  these  two  deposits  we  might  expect  three 
quarters  of  a  million  tons  with  0*05  per  cent  phosphorus  and 
some  two  million  tons  with  about  0*09  per  cent  of  phosphorus 
or  rather  less. 

These  are  only  two  deposits  out  of  a  large  number  in  the 
whole  area  situated  at  distances  of  from  1  to  10  miles  from 
this  point  over  rough  hilly  country. 

Until  more  is  known  about  the  sub-surface  distribution 

of  the  harder  and  better  ore  we  cannot 
****'"  be  very  precise  as  to  costs.     They  must 

be  adversely  affected  by  the  roughness  of  the  ground  and 
by  the  fact  that  work  will  not  be  possible  for  more  than 
five  or  six  months  in  the  year  owing  to  the  heavy  monsoon 
conditions. 

If  we  assume  that  excavation  and  sorting  will  cost  on  an 
average  Rs.  2-8-0  to  3-0-0  per  100  cubic  feet  and  that  from 
this  we  get  1  ton  of  the  better  ore  (6)  this  gives  Rs.  2-8-0 
to  3-0-0  per  ton  of  ore. 

If  this  grade  only  was  required  the  surface  outcrops  would 
be  taken  and  excavation  confined  to  the  heavier  bands  or  zones 
in  which  we  might  expect  some  3  tons  per  cubic  foot.  This 
would  reduce  the  above  charge  to  from  As.  13  to  Re.  1.  If  in 
addition,  as  is  quite  probable,  an  equal  quantity  of  ore  of  class 
(c)  was  also  required  the  charge  would  come  down  still  lower. 
Adding  supervision  and  royalty  we  might  consider  that  the 
cost  will  probably  be  between  1  and  2  rupees  per  ton  according 
to  the  grade  demanded  and  for  subsequent  estimate  we  will 
assume  the  higher  figure. 
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The  ore  will  have  to  be  taken  down  the  steep  Kemman- 
gundi  gorge,  probably  by  a  wire  ropeway,  and  thence  by  a 
light  railway  to  a  smelting'  works  at  Benkipur  or  Shimoga  for 
which  a  transport  charge  of  Be.  1  per  ton  may  be  added 
making  the  cost  Bs.  3  per  ton  at  the  works  with  possibilities 
of  some  reduction. 

LIMOKITE   OBES   IN   THE    SHIMOGA  DISTBICT. 

Some  fairly  extensive  outcrops  of  limonitic  ore  have  been 
fomid  in  the  Shimoga  District  in  the  altered  ferruginous 
schists  and  ochres  which  carry  the  manganese  deposits. 

Three  analyses  of  these  are  given  in  Table  7  of  which 
Nos.  32  and  33  are  from  Shankargudda  and  contain  nearly  O'l 
per  cent  phosphorus.  No.  34  from  Holmes'  Block  near  Kumsi 
shows  that  in  some  cases  these  ores  are  fairly  low  in  phosphorus 
(0'02  per  cent)  and  further  prospecting  may  disclose  some 
valuable  bodies  of  such  ore  which  would  be  of  great  value  with 
charcoal  fuel  for  production  of  low  phosphorus  irons. 

CHITALDRUG  SCHISTS. 

Considerable  bodies  of  soft  limonite  ores  with  some  bands 
of  harder  haematites  occur  in  parts  of  the  Chitaldrug  schist 
belt  especially  towards  the  western  side  in  the  neighbourhood 
of  Earekalgudda,  Bodimaradi  and  Chiknayakanhalli.  Many 
of  them  are  too  soft  and  friablq  for  furnace  work,  but  con- 
siderable spreads  of  surface  boulders  of  the  harder  haematites 
occur  in  places.  These  ores  are  far  away  from  the  railway 
and  from  fuel  or  any  possible  smelting  site  and  have  not  been 
closely  examined  at  present.  Their  use  would  be  justified 
only  if  they  possessed  special  qualities  not  obtainable  as  easily 
elsewhere. 

QUARTZ.  MAGNETITE   ORES   OF  THE    CHARNOCKITE    SERIES. 

These  have  been  found  south  of  Halagur  in  the  Malvalli 
Taluk  not  far  from  the  Cauvery  Falls.  A  couple  of  runs  or 
dyke-like  veins  of  these  extend  for  a  couple  of  miles  north  and 

MtB.M.  P  2 


hi 


im 


I 


'ih 
iif 


I  ;» 
I  1- 


.1' 


68 

south  and  are  10  to  15  feet  thick*  They  are  composed 
essentially  of  quartz  and  magnetite  with  subordinate  amounts 
of  hypersthene,  amphibole,  and  gainet.  They  would  require 
to  be  crushed  and  magnetically  concentrated. 

Tests  with  a  hand  magnet  gave  45*56  per  cent  of  concent- 
rate containing  61*36  per  cent  of  iron  and  0*022  per  cent  phos- 
phorus when  crushed  through  30  mesh;  (Analysis  39). 
When  crushed  through  60  mesh  the  results  were : — 

Goncentrate=54'95  per  cent  containing  66*37  per  cent 
iron  and  8*36  per  cent  insoluble  residue. 

It  is  not  considered  that  these  ores  are  of  value  at 
present.  What  the  results  of  commercial  concentration  would 
be  are  not  known,  but  the  ferruginous  silicates  present  will 
render  it  difficult  to  obtain  a  very  clean  product  and  the  cost 
of  the  concentrated  ore  will  be  high — ^probably  at  least  Bs.  7 
to  8  per  ton  at  the  mines. 

TITANIFEBOUS   IRON   ORES. 

A  large  number  of  outcrops  have  been  found  in  the 
neighbourhood  of  Ubrani  to  the  north  of  Tarikere  and  also  in 
the  Nuggihalli  schist  belt  near  Tagadur — south  of  Tiptur. 
They  were  investigated  as  possible  sources  of  high  class 
magnetites  and  haBmatites,  but  analyses  showed  the  presence 
of  much  Titanium  which  renders  them  unsuitable  for  smelting 
work  though  they  may  possibly  be  of  use  in  a  small  way  for 
production  of  special  titanium  steels.  Analyses  35  to  39  show 
the  composition  of  these  ores  and  of  the  magnetic  concentrate 
and  residue  from  those  near  Tagadur. 

POSSIBILITIES   OP  UTILIZING  THE   ORES, 

Iron  smelting  on  a  small  scale  has  been  carried  on  in 
iiidic*iioas  5Bi«ittiiff  most  parts  of  the  State  in  past  times  as 

iBdiwtry.  witnessed  by  the  numerous  slag-heaps 

most  of  which  mark  the  sites  of  abandoned  works.  A  few 
furnaces  still  exist  but  are  hardly  ever  used  and  the  industry 
may  be  said  to  be  extinct.     The  processes  of  work,  which 
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have  been  described  frequently,  consisted  in  the  smelting  of 
selected  ore  with  charcoal  in  small  furnaces  a  few  feet  in 
height.  A  blast  is  obtained  by  means  of  skin  bellows  and 
the  result  is  the  accumulation  of  a  more  or  less  melted  mass 
of  iron  and  slag — which  is  called  a  "  bloom  " — in  the  hearth 
of  the  furnace.  The  bloom  is  withdrawn,  reheated  and  ham- 
mered to  weld  it  into  a  solid  mass  and  to  remove  slag  and 
cinder.  It  is  cut  up  into  convenient  pieces  of  "  wrought  iron" 
from  which  implements  are  forged.  When  steel  is  required 
the  wrought  iron  is  cut  into  small  pieces  of  f  lb.  weight  and 
each  piece  put  in  a  crucible  with  some  charcoal  and  bits  of 
wood  and  leaf  of  the  Thangadi  plant  which  is  supposed  to 
possess  special  virtue  for  the  process.  The  crucibles  are 
sealed  up  with  clay  and  heated  in  a  charcoal  hearth  for  5 
hours  with  the  result  that  the  iron  absorbs  carbon  by  a  sort 
of  cementation  process  and  is  converted  into  steel. 

The  steel  produced  is  variable  in  character  but  often  of 
high  quality.  The  processes  are  wasteful  and  expensive 
compared  with  modern  methods. 

The  operations  have  been  examined  and  reported  upon  by 
various  officers,  but  it  is  very  difficult  to  arrive  at  any 
satisfactory  estimate  of  costs. 

The  following  statement  gives  the  average  consumption 
of  materials  as  reported : — 
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3*6  to  6*48 

requires. 
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As  regards  the  charcoal : — 

To  make  1  ton  of  bloom  from  ore  requires  3  tons 

of  charcoal. 
„       1  ton  of  wrought  iron  from  bloom  reqoires 

1*75  tons  of  charcoal. 
9,       1  ton  of  steel  from  wrought  iron  requires 

3'25  tons  of  charcoal. 
Therefore  to  produce  1  ton  of  wrought  iron  reqaires 

altogether  8  tons  of  charcoal, 
and  1   ton  of  steel  requires  altogether   12  tons  of 
charcoal. 
As  regards  costs  it  may  be  noted  that  the  ore  is  allowed 
to  be  taken  free,  charcoal  is  either  free  or  a  small  seigniorage 
of  about  Bs.  3  per  ton  is  charged  and  sometimes  a  yearly  tax 
of  from  Bs.  6  to  12  per  fumsice  was  imposed.     These  very 
variable  charges  are  omitted  in  the  following  estimates  which 
are  based  simply  on  the  labour  required  for  collecting  the 
materials  and  conducting  the  smelting  operations :  the  wages 
quoted  are  very  low,  viz.,  Bs.  40  to  60  per  year  per  man,  or 
considerably  below  present  day  rates.     Under  these  conditions 
the  averages  of  the  various  estimates  which  have  been  made 
come  out  as  follows : — 

Wrought  iron. — Calculated  cost  Bs.  150  per  ton 

Selling  price      Bs.  260     do 

Steel. —  Calculated  cost  Bs.  490  per  ton 

Selling  price     Bs.  723        „ 

Apparently  the  work  should  be  very  profitable  but  the 
selling  price  is  based  on  the  reported  value  of  small  pieces 
sold  locally  and  occasionally  and  cannot  be  considered  as 
representing  a  fair  or  fixed  market  rate.  The  fact  that  all 
the  furnaces  have  been  moribund  or  closed  down  for  some 
years  past  must,  we  think,  be  attributed  to  the  fact  that  the 
material  cannot  be  sold  at  a  profit  in  competition  with  im^ 
ported  iron  and  steel  which  can  now  be  easily  obtained  for 
less,  not  only  than  the  selling  prices  given  above  but  in  most 
cases  for  less  than  the  calculated  costs  of  production.     These 
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latter  costs  would  be,  we  believe,  materially  increased  if  recal- 
culated on  present  day  rates  of  wages  and  the  chances  of 
resuscitating  the  industry  on  a  profitable  basis  appear  to  be 
definitely  removed  even  allowing  the  ore  and  charcoal  to  be 
taken  free. 

EXPORT   OF   ORE. 

The  prospects  of  exporting  the  ores  from  the  Bababudans 
are  not  favourable  at  present.  If  we  consider  the  deposits  at 
Kemmangundi  and  others  within  a  couple  of  miles,  such  as 
those  along  the  scarp  overlooking  Santaveri  and  those  around 
the  south  and  west  flanks  of  Kalhattigiri,  we  may  expect  to 
obtain  several  million  tons  of  ore  running  57  to  60  per  cent  of 
iron,  0*06  per  cent  phosphorus  and  2  per  cent  or  less  of  silica 
and  the  value  of  such  ore  would  probably  be  Es.  16  to  17  per 
ton  in  England.  The  phosphorus  is  the  most  important 
factor  and  the  value  of  the  ore  would  increase  or  decrease 
with  this  element. 

If  we  assume  that  this  ore  can  be  put  on  the  railway  at 
Shimoga  at  Ks.  2  to  3  per  ton  and  that  it  can  be  put  on 
board  ship  at  a  port  on  the  West  Coast  (Bhatkal  for  instance) 
for  another  Ks.  2  we  may  take  the  cost  f  .o.b.  Bhatkal  at  about 
Ks.  5  per  ton  leaving  from  10  to  12  rupees  for  freight  to  Eng- 
land. This  is  rather  belowwhat  freights  have  been  in  the  past 
and  the  ore  would  probably  cost  one  or  two  rupees  per  ton 
more  than  it  could  be  sold  for.  The  English  prices  may 
increase  from  time  to  time  and  mining  costs  may  be  some- 
what reduced  and  there  is  some  possibility  that  both  ends 
could  be  made  to  meet  especially  in  the  case  of  a  company 
which  required  the  ore  for  its  own  use  and  not  for  sale ;  but  it 
is  obvious  that  it  will  require  favourable  circumstances  and 
careful  management  to  eflfect  even  this.  Some  of  the  other 
ores  in  the  Shimoga  District  may  prove  to  be  better  placed 
and  permit  of  a  reduction  of  the  mining  and  transport  charges 
to  the  extent  of  one  or  two  rupees  per  ton  and  it  is  likely  that 
some  suitable  ore  may  be  found  along  the  Western  Ghats 
along  certain  tracts  on  the  west  of  the  Shimoga  District  which 
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have  not  been  examined  yet  and  which  would  be  much  nearer 
to  the  port.  Neither  the  port  nor  the  railway  exists  at  pre- 
sent and  export  is  a  question  of  the  future  and  the  above 
figures  are  given  merely  to  indicate  the  principal  factors  so 
far  as  our  present  information  goes. 

SMELTING   IN    MODERN   BLAST   FURNACES. 

The  ores  of  Mysore  are  sufficiently  abundant  and  of  good 
enough  quality  to  be  suitable  for  the  manufacture  of  pig  ircm 
on  a  considerable  scale,  but  unfortunately  the  supply  of  fuel  is 
either  too  limited  or  too  costly  to  permit  of  this  being  under- 
taken except  within  certain  narrow  limits.  The  fuel  required 
is  either  coke  or  charcoal  and  the  position  with  regard  to  these 
will  be  explained  very  briefly. 

Smelting  with  coke. — ^As  there  is  no  coal  in  Mysore  it 
would  be  necessary  to  import  either  coal  or  coke  and  we 
may  take  it  that  coke  will  cost  over  Bs.  30  per  ton  and  will 
be  considerably  more  expensive  than  charcoal.  The  pig  iron 
would  probably  cost  about  Bs.  55  per  ton  or  about  2^  times 
as  much  as  at  the  Tata  Iron  Works  at  Sakchi  where  coke  can 
be  obtained  at  some  Bs.  7  per  ton.  The  pig  iron  so  produced 
would  be  similar  to  that  made  at  Sakchi  and  it  would  be 
impossible  to  sell  the  Mysore  iron  in  competition  with  either 
the  Tata  iron  or  imported  iron  except  within  a  very  limited 
distance  from  the  works  and  the  very  small  demand  within 
such  limited  area,  say  a  few  hundred  tons  a  year,  is  too  small 
to  make  the  work  possible  at  a  profit.  Good  imported  iron  is 
quoted  at  Bs.  60  to  65  at  Indian  ports  and  probably  sells  at 
Bs.  65  to  75.  These  prices  could  probably  be  reduced  and 
the  Tata  pig  iron  could  obviously  be  sold  for  considerably  less, 
even  in  the  south  of  India.  It  is  obvious  that  Mysore  pig 
iron  costing  some  Bs.  55  at  the  works,  nearly  all  of  which 
would  have  to  be  sent  to  distant  markets  for  sale,  could  not 
compete  against  these  outside  rivals. 

It  may  be  worth  while  however  to  note  that  the  opening 
of  a  port  on  the  coast  west  of  Shimoga  would  reduce  the  cost 
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of  coke  and  that  this  might  reduce  the  cost  of  the  pig  iron  to 
Bs.  45  or  even  less.  Even  then  there  would  be  little  chance 
for  the  sale  of  any  considerable  quantity  and  the  fact  is  merely 
noted  for  reference  in  connection  with  the  preparation  of 
steel  which  will  be  discussed  later. 

Smelting  with  charcoal. — This  stands  on  a  different  foot- 
ing from  smelting  with  coke.  Indian  coke  is  fairly  impure 
and  contains  14  to  IS  per  cent  of  ash  and  the  ash  contains 
about  0*9  per  cent  of  phosphorus  practically  all  of  which  gets 
into  the  finished  pig  iron. 

Charcoal  on  the  other  hand  is  free  from  both  ash  and 
phosphorus  and  the  pig  iron  produced  is  usually  of  a  higher 
grade  than  coke  pig  and  sells  at  a  higher  price.  Swedish 
charcoal  pig  costs  about  Bs.  75  f.o.b.  Sweden,  and  would  pro- 
bably be  worth  Bs.  90  to  100  in  Indian  markets.  At  present 
very  little  is  used  in  India  but  there  is  every  reason  to  expect 
that  a  smaU  output  could  be  disposed  of  in  India,  Japan  and 
Australia  and  that  an  industry  could  be  developed  in  the  manu- 
facture of  special  castings  for  which  charcoal  pig  is  required 
— such  as  engine  cylinders,  chilled  car  wheels,  rolls,  etc.  We 
may  therefore  consider  the  amount  of  charcoal  pig  which  can 
be  produced  and  its  cost. 

The  amount  which  can  be  produced  is  limited  by  the 

steady  supply  of  charcoal  which  can  be 
obtained  from  the  forests  without  permanent 
depletion.  The  Conservator  of  forests  has  estimated  recently 
that  an  annual  supply  of  20,000  tons  of  charcoal  could  be 
maintained  from  the  forests  of  Eadur  and  Shimoga.  In 
order  to  obtain  this  about  100,000  tons  of  suitable  wood  would 
have  to  be  collected  annually  from  forests  spread  over  a  large 
area  and  it  would  be  necessary  to  provide  150  to  200  miles  of 
light  railways  or  tramways  to  collect  the  wood  and  bring  the 
charcoal  to  a  smelting  work  situated,  let  us  say,  at  Shimoga. 
The  Conservator  estimates  that  the  charcoal  could  be  delivered 
at  Bs.  25  per  ton.  We  may  accept  these  figures  for  a  pro- 
visional estimate  though  we  are  inclined  to  regard  them  as 
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confiervative  and  any  increase  in  the  supply  or  reduction  in 
cost  would  tend  to  lower  the  cost  of  the  smelted  iron. 

With   20,000  tons  of  charcoal  we  can   produce   some 

20,000   tons    of   pig  iron  and  for   this  we 

might  use  three  small  furnaces  of  the  Swedish 

type  or  one  large  furnace  of  the  American  type.     The  latter, 

if  equally  suitable  in  other  respects,   would   be    the   more 

economical. 

The  furnace  with  its  accessories  in  the  shape  of  hot  blast 
stoves,  blowing  engines,  cranes,  ladles  and  buildings  would 
cost  about  9  lakhs  of  rupees  on  which  interest  and  depreciation 
at  10  per  cent  would  come  to  Bs.  4*5  per  ton  on  an  output 
of  20,000  tons. 

The  costs  of  manufa>cture  may  be  apportioned  as  follows, 
approximately : — 

Cost  of  making  Charcoal  Iron. 

Output  20,000  tons  per  annum. 

1'65  tons  of  ore  (Fe — CO  per  cent)  at  Rs.  3  per  ton  ...Bs,    4*95 
1  ton  charcoal  at  Bs.  25  per  ton  ...  25  00 


5  cwts.  limestone  at  Bs.  5  per  ton 
Lining  and  repairs  to  furnace 
Interest  and  depreciation  (10  per  cent)  ... 
Supervision,  labour  and  other  charges    ... 


l'-25 
1*50 
4'50 
800 


Total  cost  per  ton  of  pig  iron  ...Bs.    45'20 


According  to  these  figures  we  can  make  charcoal  pig  iron 
at  about  Bs.  45  per  ton  and  it  is  probable  that  some  of  the 
items  can  be  reduced  in  practice  and  that  we  might  hope  to 
get  down  to  Bs.  40  or  even  a  little  less. 

In  the  absence  of  an  existing  demand  and  reliable  quota* 
tions  for  this  class  of  material  it  is  very  difficult  to  say  what 
the  value  of  the  product  would  be  at  the  works,  but  it  is  prob- 
able that  it  would  be  worth  from  Bs.  55  to  70  per  ton. 
At  an  average  of  Bs.  60  it  might  be  regarded  as  sufficiently 
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attractive  and  there  is  a  fair  prospect  that  parts  of  the  output 
made  from  specially  selected  ores  and  sold  for  special  purposes 
would  fetch  considerably  more. 

The  sale  of  pig  iron  is  however  only  part  of  the  scheme 
which  contemplates  the  conversion  of  about  half,  or  10,000 
tons,  into  steel.  The  remaining  10,000  tons  would  partly  be 
sold  as  pig  and  partly  made  into  castings  for  special  purposes 
on  which  work  an  additional  profit  might  be  expected.  As 
will  be  shown  later,  the  steel-making  portion  may  be  expected 
to  be  feasible  and  profitable  and  without  allowing  for  very 
special  grades  and  special  prices  the  work  as  a  whole  may  be 
expected  to  yield  a  fair  profit  on  the  output  of  20,000  tons 
with  considerable  prospects  of  increase  from  the  development 
of  special  lines  of  work. 

Before  passing  on  to  the  question  of  steel-making  we 
may  very  briefly  consider  the  possibilities  of  smelting  the  ores 
electrically  instead  of  depending  entirely  on  our  limited  sup- 
plies of  charcoal. 

ELECTBIC   SMELTING   OF   OBE. 

Suggestions  that  electricity  should  be  used  for  the  smelt- 
ing of  iron  ore  and  other  metallurgical  purposes  are  very 
popular  in  Mysore  and  a  few  words  as  to  the  comparative 
values  of  electricity  and  charcoal  fuel  may  not  be  out  of  place. 

The  generation  of  electric  power  from  waterfalls  in 
Mysore  is  by  no  means  very  cheap.  The  water  going  over 
the  falls  is  very  variable  and  is  reduced  to  comparatively 
small  amounts  during  the  dry  months.  Metallurgical  in- 
dustry requires,  as  a  rule,  a  constant  supply  of  power  through- 
out the  year  and  if  a  large  amount  is  required  it  becomes 
necessary  to  provide  large  storage  reservoirs  for  the  excess 
water  which  runs  to  waste  during  the  rains  and  this  means 
added  expense. 

For  the  supply  of  power  on  a  large  scale  the  cost  of 
generating  the  current  is  not  likely  to  be  less  than  O'l  anna 
per  unit  (Kilo-watt-hour)  and  where   the  power  has  to  be 
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transmitted  to  a  smelting  works  at  a  considerable  distance 
from  the  generating  station  the  cost  is  not  likely  to  be  less 
than  0*2  anna  per  unit  delivered  at  the  works.  Under  cer- 
tain favourable  conditions  a  company  might  be  able  to  obtain 
supplies  from  moderate  distances  (60  to  100  miles)  at  0'15 
anna,  but  it  must  be  remembered  that  the  maximum  amount 
which  has  to  be  provided  for  is  not  used  continuously  through- 
out the  year  and  for  the  purpose  of  making  a  comparison  we 
will  take  the  minimum  cost  for  the  power  actually  consumed 
at  0*2  anna  per  unit  which  is  at  the  rate  of  Bs.  81  (£5-7-6) 
per  Horse-Power  Year. 

In  any  specific  case  the  actual  rate  quoted  or  estimated 
can  be  readily  substituted  for  this  figure. 

In  Norway  and  Sweden  the  work  of  recent  years  has 
shown  that  from  2,000  to  2,500  K.  W.  Hours  are  required  to  pro- 
duce 1  ton  of  pig  iron  from  iron  ore.  With  the  Mysore  ores 
containing  60  per  cent-  of  iron  it  is  probable  that  the  figure 
would  be  about  2,500  K.W.H. 

In  addition  about  7  cwts.  of  charcoal  will  be  required  to 
reduce  the  oxides  of  iron  to  metallic  iron. 

About  15  or  16  lbs.  of  carbon  electrodes  will  be  required 
per  ton  of  iron  and  these  will  cost  about  3  annas  per  lb.  or 
Ks.  3  pex  ton  of  iron.  Leaving  out  other  charges  we  can  now 
compare  the  relative  costs  of  charcoal  and  electric  energy : — 

To  produce  1  ton  of  pig  iron  by  charcoal  Bs. 

smelting  requires  1   ton  of  charcoal 
costing     ...  ...  ...  25 


To  do  the  same  work  electrically  we  require — 

2,500  K.W.  Hours  at  02  anna     ...  31  25 

7  cwts.  charcoal  at  Bs.  25  per  ton...  8'75 
16  lbs.  of  electrodes  at  Saunas 

per  lb.                     ...                .-.  3*00 


Total        43*00 
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Electricity  is  obviously  much  more  expensive  than  char- 
coal. In  order  to  make  the  former  equal  the  latter  it  would 
be  necessary  to  reduce  the  charge  for  power  by  Es.  18,  (43—26) 
in  which  case  2,500  K.W.  Hours  would  cost  Es.  13*25  which 
is  at  the  rate  of  0*085  anna  per  unit  which  is,  we  believe, 
considerably  below  the  cost  at  which  it  is  possible  to  generate 
it  in  Mysore. 

At  the  rate  of  0*2  anna  per  unit  adopted  above  we  may 

estimate  the  cost  of  smelting  1  ton  of  pig  iron  electrically  as 

follows  for  an  output  of  20,000  tons  per  year : — 

Es. 

1*65  tons  of  ore  at  Es.  3  per  ton  ...         4*96 

7  cwts.  charcoal      „    25         ...  ...         8'75 

7  cwts.  limestone    „      5         ...  ...         1'75  ! 


.  Electrodes  16  lbs.  at  8  annas  per  lb.          ...  300 

Electric  power  2,500  K.W.H.  at  0*2  annas  31*25 

Eepairs  and  relining                ...                 ...  2*00 

Interest  and  depreciation        , . .                 ...  4*50 

Supervision,  labour  and  other  charges       ...  9*00 


Total  per  ton  of  iron  Es.     65*20 
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This  is  very  much  higher  than  the  estimate  of  Es.  45  foi* 
iron  smelted  in  charcoal  furnaces,  and  even  with  electric 
power  at  0*1  anna  per  unit  the  cost  would  still  be  higher, 
viz.,  Es.  50  or  thereabouts.  The  plant  for  this  work  would 
cost  about  9  lakhs  of  rupees  -and  include  3  furnaces  of  3,500 
horse-power  each  requiring  about  7,000  horse-power  to  run. 

Under  existing  conditions  the  electric  smelting  of  the 
ores  appears  to  be  out  of  the  question  not  only  because  it  is  ||  fj 

more  expensive  than  charcoal  smelting  but  because  the  actual  |  if 

cost  per  ton  (Es.  65)  appears  to  be  too  high  to  permit  of  the 
iron  being  sold  at  a  profit. 
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STEEL-MAKING.  ,^ 

For  the  manufacture  of  steel  we  believe  that  it  will  be  ij 

quite  feasible  to  use  electricity  even  though  the  latter  may 
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cofit  more  than  0*2  anna  per  unit  and  as  a  convenient  figure 
on  which  to  base  estimates  we  will  adopt  a  rate  of  0'3  anna 
per  unit  equivalent  to  Rs.  123  (£8-4-0)  per  Horse  Power 
Year, 

It  is  possible  to  make  steel  direct  from  the  ore — that  is 

without  making  pig  iron  first  and  this  has 

St— I  dlr«€C  froBi  Or«.  ,.?*,,•       -vt         ^     t  ^-^ 

been  discussed  m  Bulletin  No.  5. 0  On 
the  assumptions  then  made,  with  power  at  rather  less  than 
O'l  anna  per  unit  it  was  argued  that  the  cost  of  steel  might 
come  down  to  from  83  to  105  shillings  per  ton  according  to  scale 
of  output.  With  figures  now  available  and  making  10,000 
tons  per  annum  from  60  per  cent  ore  with  power  (3,000 
E.W.H.)  at  0'2  anna  the  cost  would  be  about  Rs.  100 
(133  shillings)  per  ton.  The  direct  process  is  practically  not 
in  use  and  is  not  favourably  regarded  by  most  metallargists 
and  we  can  work  cheaper  by  indirect  methods. 

We  have  estimated  that  it  costs  Rs.  45  per  ton  to  make 
.^   .  ^       ^   .  the  pig  iron  in  charcoal  furnaces.     For  the 

StMl  froBi  Pis  Iron  ^  ^ 

purpose  of  conversion  to  steel  it  would  be 
perferable  to  make  a  white  iron  rather  than  ordinary  foundry 
pig  and  this  could  probably  be  done  somewhat  more  cheaply, 
say,  at  Rs.  40  per  ton,  and  we  shall  adopt  this  figure. 

The  pig  iron  contains  a  little  over  3  per  cent  of  carbon 
and  to  make  steel  this  has  to  be  removed  and  the  metal  re- 
carburized  so  as  to  contain  from  0'06  to  1*5  per  cent  of  carbon 
according  to  the  character  of  the  .steel  required.  At  the  same 
time  impurities  such  as  phosphorus  and  sulphur  are  removed. 
In  order  to  save  the  cost  of  remelting  the  pig  iron  it  is  advan- 
tageous to  have  the  refining  furnaces  close  to  the  blast  furnaces 
so  that  the  molten  pig  iron  may  be  transferred  from  the  latter 
to  the  former  without  being  allowed  to  cool  or  solidify. 
The  molten  pig  iron  might  be  poured,  from  a  ladle  directly 
into  the  electric  furnace  and  there  refined  by  adding  iron 
ore,  which  would  oxidise  or  bum  out  the  carbon,  but  such 

(1)  Notes  on  the  Electric  Smeltiiig  of  Iron  and  Steel  by  W,  F.  Smeeth,  x.A. 
D,  80.,  etc.,  Bulletin  No,  6 — Mysore  Geol.  Dept, 
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a  process  takes  time  and  involves  much  consumption  of 
electric  energy. 

A  better  scheme  is  to  pour  the  molten  pig  iron  into  a 
mixer  or  converter  and  blow  air  through  it,  thereby  getting 
rid  of  the  carbon  and  effecting  a  partial  refining.  This  par- 
tially refined  metal  is  transferred  to  the  electric  furnace  with 
the  addition  of  fluxes  and  the  refining  completed.  The  metal 
can  be  brought  to  almost  any  desired  degree  of  purity.  The 
consumption  of  energy  depends  on  the  impurities  present  and 
on  the  degree  of  purity  required  and  the  figures  given  below 
are  based  on  the  average  conditions  which  may  be  expected 
to  obtain  in  the  production  of  high-class  carbon  steels. 

Without  entering  into  the  question  of  the  type  of  furnace, 
we  may  take  it  that  for  an  output  of  10,000  tons  of  refined 
steel  2  furnaces  of  5  tons  capacity  each  will  be  required,  one 
being  held  in  reserve  for  the  greater  part  of  the  time.     The 

furnaces  with  their  accessories  will  cost  about  Bs.  1,50,000, 

ij 

and  the  electric  current  can  be  generated  at  the  works  from  \, 

the  vt^aste  gases  of  the  charcoal  furnace. 

The  following  figures  are  based  on  European  practice : —  j 

Es.  '  ' 

Cost  of  molten  pig  iron  at  Bs.  40  per  ton         ...  40'00  '| 

Cost  of  partial  refining  in  converter                   ...  1000  ;l  • 

Oxidation  loss               ...                 ...                 ...  1*50  I  •. 

Electric  power  for  refining,  200  K.W.H.  at  0*3  U ; 

anna  per  unit            ...                 ...                 ...  4*70  \h 

Electrodes 


Bepairs  and  tools 
Fluxes  and  ferro- additions 
Interest  and  depreciation  (10%) 
Supervision  and  labour 
Boyalty,  not  included 


Total  per  ton  of  steel        ...         66*96 


The  molten  steel  will  therefore  cost  about  Bs.  67.  If 
there  is  much  refining  to  be  done  the  cost  for  power  will  go 
up,  but  it  is  reasonable  to  assume  that  we  should  be  able  to 
m%iie  stee}  suitable  for  high-class  forgings,  castings  and  tools 
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300 
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at  an  average  of  from  Bs.  67  to  75  or  say  for  £4-10-0  to  £5  per 
ton.  The  cost  of  converting  the  molten  pig-iron  to  steel  is 
therefore  Bs.  30  to  35  per  ton. 

At  the  veorks,  especially  if  casting,  forging  and  machi- 
ning is  carried  on,  a  good  deal  of  scrap  will 

StMl  from  Scrap.  .  _  -  jav*  1:1  *  ■s  :i:i- 

be  produced  and  this  would  provide  addi- 
tional work  for  the  electric  furnaces.  In  addition,  it  should 
be  possible  to  purchase  a  certain  amount  of  wrought  iron  and 
steel  scrap  from  railways,  workshops,  etc.  The  amount 
obtainable  is  not  very  large  and  would  depend  on  the  price 
that  could  be  paid.  We  believe  that  it  should  be  possible 
to  obtain  some  2,000  tons  a  year  at  a  cost  of  Bs.  30  per  ton 
and  that  the  cost  of  melting  and  refining  this  would  be  about 
Bs.  30  or  less.  This  would  give  an  additional  output  for  the 
furnaces  and  every  addition  means  decrease  in  standing 
charges. 

It  may  be  noted  that  a  small  independent  plant  could  be 

run  on  scrap  for  a  production  of   about 

giwtfi  Plant.  ^ 

2,000  tons  a  year  using  a  2|  ton  furnace. 
The  costs  would  of  course  be  higher  than  if  the  work  was 
combined  with  the  larger  iron  and  steel  plant  described  above 
and  there  would  not  be  room  here  for  both.  It  is  however 
an  alternative  in  case  the  iron  smelting  scheme  is  not  taken 
up.  The  cost  of  the  steel  would  be  in  the  neighbourhood  of 
Bs.  70  to  75  per  ton  and  the  subsequent  operations  of  casting, 
forging,  etc.,  would  all  be  more  expensive  on  the  smaller  scale. 
It  is  a  difficult  matter  to  assess  the  value  of  the  products 

from  the  steel  works.  Much  depends  on 
the  grade  of  materials  produced  and  on  the 
development  of  markets.  The  materials  would  all  be  of  com- 
paratively high  grades  which  are  not  being  made  in  India  at 
present,  such  as  axle  and  tyre  forgings,  high-class  steel  castings, 
tool  steel  and  steels  for  drills,  jumpers,  etc.  Ordinary  steels 
for  rails,  bars,  sheets  and  rolled  sections  would  be  out  of  the 
question  in  comparison  with  similar  materials  made  in  India 
or  imported.     The  market  in   India  for  the  higher  class 
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products  is  comparatively  limited  and  we  should  probably  have 
to  seek  outlets  in  the  Straits,  China,  Japan  and  Australia. 

The  following  figures  are  very  tentative : — 
Output  of  2,000  tons  per  annum. — The  products  of  the 
small  scrap  plant  might  be  divided  into  1,500  tons  of  forgings, 
castings,  etc.,  valued  at  Rs.  180  per  ton  and  500  tons  of  tool 
and  bar  steel  valued  at  Bs.  250  per  ton. 

With  steel  ingots  costing  Rs.  76  and  allowing  for  expense 
of  manufacture  the  former  would  cost  about  Rs.  140  and  the 
latter  about  Rs.  170  per  ton.  We  thus  get  the  following 
estimate : — 


1,500  tons  forgings,  etc.,  valued 
atRs.  180  =  R8.  2,70,000. 

500  tons  tool  and  bar  steel 
valued  at  Bs.  250  = 
Rs.  1,25,000. 


Rs.  3,95,000 


Cost  at  Rs.  140  =  Rs.    2,10,000 

Cost  at  Rs.  170  =  Rs.       85,000 

Balance  Rs.    1,00,000 


Rs.   3,95,000 


This  balance  would  have  to  cover  part  of  interest  and 
depreciation,  and  management  and  should  leave  a  very  fair 
profit. 

Output  of  llfiOO  tons  per  annum. — For  th6  larger  plant 
using  steel  converted  from  charcoal  iron  as  well  as  scrap  we 
might  take  the  cost  of  the  ingot  steel  at  Rs.  70,  cost  of  forgings, 
etc.,  at  Rs.  120,  cost  of  tool  and  bar  steel  at  Rs.  150  and  get 
the  following : — 


11,000  tons  castings,  forgings, 

etc.,   valued   at    Rs.    175  = 

Rs.  19,25.000. 
1,000   tons    tools,    bar,    etc., 

valued       at      Es.       200  = 

Rs.  2,00,000. 


Rs.  21,25,000 


Cost  atBs.  120  =  Rs.  18,20,000 


Cost  at  Rs.  150  =  Rs.     1,50,000 
Balance  =Rs.     6,55,000 


Rs.  21,25,000 


M.B.M. 
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The  balance  would  have  to  cover  interest,  depreciation  and 
management  not  already  provided  for  and  expenses  of  sale 
and  a  large  proportion  of  it  should  be  available  for  profit.  The 
sale  values  depend  on  the  quality  of  the  products  and  the 
market  demand  for  them  and  the  figures  adopted  will  be 
found,  we  believe,  to  err  on  the  low  side.  There  is  little 
doubt  about  our  being  able  to  produce  high  quality  and  the 
only  serious  difficulty  will  be  the  finding  of  markets  for  the 
products  at  their  proper  values.  High-class  castings  and  for- 
gings  should  be  worth  considerably  more  than  Bs.  175  per 
ton  and  such  items  as  tool  steel,  mining  drills,  jumpers,  etc., 
should  be  worth  Bs.  300  to  400  per  ton.  If  markets  are  devel- 
oped so  that  a  considerable  proportion  of  the  output  can 
be  sold  at  the  higher  figures  the  profits  would  increase  enor- 
mously and  that  is  the  prospect  which  we  contemplate  as 
eventually  possible.  On  the  other  hand,  there  will  be  un- 
doubted difficulty  in  securing  these  sales  at  first  and  much  of 
the  output  may  have  to  be  got  rid  of  at  comparatively  low 
prices  in  competition  with  poorer  grades  of  material  or  to 
cover  the  expense  of  transport  to  distant  markets  and  in  view 
of  this  the  average  sale  values  have  been  estimated  at  fairly 
low  prices.  This  is  however  largely  conjectural  and  we  cannot 
go  into  the  matter  more  f ally  here ;  we  have  given  our  facts 
and  assumptions  an^  people  with  a  knowledge  of  the  business 
side  can  alter  the  items  according  to  their  knowledge  and 
experience. 

SUMMARY. 

We  have  endeavoured  to  show  that  large  quantities  of 
good  smelting  ore  are  obtainable  at  a  reasonable  cost  from  the 
Bababudan  Hills.  There  are  some  indications  that  better 
class  ores,  particularly  in  regard  to  lower  contents  of  phos- 
phorus, may  be  obtainable  in  parts  of  the  Shimoga  District. 
These  have  not  been  located  yet  in  any  considerable  quantity, 
but  the  question  is  one  of  very  great  importance  as  the  value 
of  the  ore  and  the  profits  to  be  derived  from  the  finished 
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products  would  be  increased  very  materially  if  the  phosphorus 
could  be  kept  low,  say  below  002  per  cent.  The  resources  of 
the  forests  would  appear  to  permit  of  the  smelting  of  some 
20,000  tons  of  iron  per  annum  of  which  half  might  be  sold  as 
charcoal  pig  iron  or  made  into  special  castings  and  the  other 
half  converted  to  high  grade  steel  in  electric  furnaces. 

To  establish  an  industry  of  this  size  some  50  lakhs  of 
rupees  would  be  required  of  which  20  lakhs  would  be  required 
for  the  iron  and  steel  works  and  30  lakhs  for  the  charcoal  kilns 
and  light  forest  railways  for  collecting  fuel  and  bringing  in 
charcoal  and  ore.  The  20  lakhs  or  so  for  the  light  railways 
would  not  be  needed  all  at  once,  but  could  be  called  up  as  ex- 
tensions are  required  for  tapping  the  various  forests. 

The  establishment  of  such  an  industry  would  have  far 
reaching  consequences  and  would  materially  assist  in  develop- 
ment  of  local  manufacturing  and  industrial  work.  The  fig- 
ures we  have  given  encourage  the  view  that  the  work  would 
be  profitable  and  if  the  finished  products  of  really  high  grade 
can  be  maintained  the  profits  should  be  materially  increased. 
It  cannot  be  too  strongly  insisted  upon  that  the  objects  of  the 
scheme  should  be  to  make  and  sell  only  high  grade  materials 
and  that  in  view  of  the  comparatively  small  scale  of  opera- 
tions, the  high  price  of  fuel  and  the  absence  of  a  local  market 
it  would  be  quite  impossible  to  compete  in  the  ordinary  grades 
of  commercial  iron  and  steel  which  are  now  being  msbde  in 
India  or  imported. 

The  establishment  of  a  new  industry  in  a  new  place  and 
under  untried  conditions  always  involves  many  doubtful  and 
diflScult  problems,  and  while  recognizing  this  clearly  we  are 
still  of  opinion  that  a  successful  and  profitable  industry  can  be 
developed  on  the  lines  indicated  provided  that  thoroughly  ex- 
perienced supervision  and  business  capacity  is  provided  and 
that  the  sympathetic  co-operation  of  Government  is  secured 
for  the  regular  supply  of  charcoal  and  other  facilities. 
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Manganese. 

Manganese  Ores. 

The  manganese  ores  appear  to  be  confined  to  the  Chlo- 

ritic  or  Upper  Division  of  the  Dharwar 
Schists.  None  has  been  found  in  the 
Hornblendic  Division.  The  ores  are  found  in  the  Shimoga, 
Eadur,  Chitaldrug  and  Tumkur  Districts  and  their  distribu* 
tion  is  shown  on  the  map  by  square  dots.  The  dots  repre- 
sent deposits  or  groups  of  deposits  where  appreciable  quantities 
of  ore  have  been  found,  even  though  it  may  not  have  been 
found  possible  to  work  them  commercially  owing  to  the  grade^ 
being  too  poor.  In  Table  8  a  list  is  given  of  the  principal 
deposits  or  localities  where  ore  has  been  mined  and  the  quan- 
tities exported  to  the  end  of  1914.  In  several  cases  no 
exports  have  been  made,  but  ore  has  been  mined  and  stacked 
which  is  either  too  poor  to  export  or  is  awaiting  more  favour- 
able market  rates. 

From  the  map  it  will  be  seen  that  most  of  the  deposits 
are  confined  to  two  divisions,  viz, — 

(1)  the  Shimoga  Division  in  which  the  deposits  are 

situated  in  the  schists  surrounding   the  large 
mass  of  the  Shimoga  gneissic  granite ;  and 

(2)  the  Chitaldrug  Division  in  which  the  deposits  lie 

near  the  western  edge  of  the  Chitaldrug  schist 
belt  in  the  Chitaldrug  and  Tumkur  Districts. 
In  addition,  some  isolated  deposits  have  been  found  near 
Hoskere  and  Halekal  from  which  small  quantities  of  ore  have 
been  obtained. 

In  the  Shimoga  Division  some  of  the  most  important 
deposits  are  situated  along  the  crest  of  Shankargudda  ridge 
from  IJ  to  3  miles  south  of  the   A 3393.      For  some  years 
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after  their  discovery  by  Mr.  Slater  the  results  obtained  were 
poor.  Deeper  work  during  the  past  two  or  three  years  has 
shown  that  the  deposits  are  fairly  large  and  there  are  indications 
that  several  hundred  thousand  tons  of  marketable  ore  will  be 
obtainable.  The  character  of  the  ores  is  shown  by  the  analy- 
ses in  Table  11. 

Further  south  along  the  ridge  at  Adgadde  and  Hemmaki 
(near  Mandagadde)  small  deposits  of  ferruginous  ores  have 
been  found. 

In  the  large  area  of  schists  to  the  west  of  the  Shankar- 
gudda  ridge  low  grade  ores  have  been  found  near  Aranelli, 
Earkodlu  and  Puradkoppa  most  of  which  are  high  in  iron  and 
phosphorus.  This  area  is  worth  further  prospecting,  but  the 
heavy  jungle  and  soil  will  render  the  location  of  deposits  a 
matter  of  considerable  difficulty  and  expetise. 

Passing  northwards  a  small  amount  of  ore  has  been 
obtained  near  Choradi  and  some  very  ferruginous  ores  mixed 
with  limonites  at  Tuppur,  about  5  miles  west  of  Choradi.  ^1 

To  the  north  of  Kumsi  the  schists  swing  round  east- 
wards and  the  important  deposits  at  Holmes'  pit  and  Python 
lie  about  4  miles  N.N.E.  of  Kumsi.  Over. 200,000  tons  of 
ore  have  been  exported  from  Holmes'  pit  and  there  is  still  a 
large  quantity  to  be  obtained  though  the  ore  bodies  appear  to 
be  petering  out  at  a  depth  of  80  feet  from  surface. 

The  Python  pits  lie  about  a  mile  east  of  Holmes'  pit  and 
are  expected  to  yield  a  fair  quantity  of  1st  and  2nd  grade  ore. 
It  is  probable  that  other  deposits  will  be  found  in  this  neigh- 
bourhood, but  soil  and  jungle  render  their  location  difficult. 
The  deposits  at  Holmes'  pit  and  Python  were  searched  for  and 
prospected  for  several  years  before  the  ore  bodies  were  located. 
A  little  to  the  east  of  Python  the  schists  swing  north  again 
and  we  come  to  a  series  of  small  deposits  lying  round  the 
north  of  the  Saulonga  granite  in  the  Shikarpur  Taluk.  These 
are  situated  in  groups  near  the  villages  of  Markande,  Ittige- 
halli,  Ho3ur  and  Ballur  and  some  ore  has  been  reported  from 
the  tieighbourhood  of  Eaginelli. 
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Ck)ming  south  again  we  find  a  deposit  at  Bikonhalli,  5 
miles  north  of  Shimoga,  from  which  some  3,000  tons  were 
obtained  of  cavernous  and  somewhat  siliceous  ore  capping  a 
small  hill  which  is  now  exhausted. 

It  may  be  noted  that  the  better  class  ores  such  as  those  at 
Shankargudda,  Choradi,  Eumsi  and  Bikonballi  lie  on  an  inner 
chain  not  far  from  the  boundary  of  the  Shimoga  gneissic 
granite,  while  the  outer  chain  embracing  Earkodlu,  Tnppnr 
and  the  Shikarpur  group  contains,  as  a  rule,  low  grade  deposits 
high  in  iron  and  usually  particularly  high  in  phosphorus. 

The  other  deposits  of  this  division  lie  to  the  east  of  the 
Shimoga  granite  in  the  Channagiri  and  Tarikere  Taluks. 
Amongst  these  may  be  mentioned  a  number  of  small  deposits 
to  the  south  of  Joladhal,  of  which  that  at  Hoshalli  was  the 
most  important  but  is  now  abandoned.  Here  the  ore  went 
down  nearly  vertically  in  a  banded  or  impregnated  zone  some 
6  feet  or  so  in  width.  At  a  depth  of  40  feet  the  band  was 
rather  split  up  and  not  sufficiently  wide  or  solid  to  justify  the 
cutting  back  of  the  narrow  excavation  or  the  adoption  of 
underground  mining. 

The  other  places  marked  on  the  map  are  :  — 
Bhadigund,  7  miles  south  of  Joladhal. 
Shiddarhalli  and  Balekatte,  8  miles  north  of  Tarikere* 
Mavinkere,  4  miles  east  of  Masarhalli  Bailway  Sta- 
tion. 

The  various  pits  at  Shiddarhalli  yielded  over  10,000  tons 
of  2nd  grade  ore  in  which  the  silica  was  rather  high  and  a 
good  deal  of  sorting  was  required.  Much  of  the  ore  was 
float  in  lateritic  soil  and  clay  some  of  which  was  pisolitic. 
Beneath  the  float  were  some  bouldery  ore  bands  dipping  about 
30°  to  40°  to  the  north  which  were  followed  to  a  depth  of  about 
30  feet  but  were  not  sufficiently  large  to  justify  the  large  amount 
of  excavation  necessary  to  carry  down  the  open  workings.  The 
area  copjbains  a  good,  deal  of  manganese  most  of  which  is  2nd 
or  3rd  grade  ore  and  is  contained  in  talus  or  float  deposits ; 
it  is  possible  that  deeper  deposits   of  good  ore  exist  which 
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are  covered  by  the  heavy  overburden  of  soil  and  talus  and  the 
search  for  which  would  be  expensive  and  largely  fortuitous. 

In  the  Chitaldrug  Division  manganese  has  been  found  at 
many  points  along  the  western  sides  of  the  Chitaldrug  schist 
belt,  but  the  ores  are  mostly  poor  and  highly  ferruginous. 

A  considerable  group  of  deposits  occur  to  the  east  of 
Jajur  consisting  largely  of  low  grade  talus  material.  On  the 
ridges  a  few  miles  to  the  south  there  are  indications  of  verti- 
cal bands  of  psilomelane  in  the  schists,  but  not  sufficiently 
strong  to  warrant  either  open  work  or  underground  mining. 
It  is  however  an  area  which  might  well  receive  some  further 
attention.  Some  ore  has  been  excavated  at  Karekalgudda  and 
Kenkere,  to  the  north-west  of  Madadkere,  and  recent  work  has 
shown  that  some  fair  quantity  of  fairly  good  ore  may  be 
obtainable  with  careful  work  and  close  attention  to  sorting. 
Much  of  the  ore  is  mixed  vnth  limonite. 

Other  small  deposits  have  been  found  at  Ghik  Byalkere 
and  to  the  east  of  Chiknayakanhalli. 

A  small  quantity  of  ore  was  obtained  at  Narsihalli, 
E^arakurchi  and  Dodguni  and  recent  prospecting  work  sug- 
gests that  considerable  quantities  still  await  development,  some 
of  which  will  be  of  fairly  good  grade,  and  work  is  now  being 
proceeded  with  by  the  Peninsular  Minerals  Ciompany. 

The  ores  of  this  area  are  associated  with  iron  ores  and 
large  quantities  of  low  grade  ferruginous  ores  appear  to  exist 
and  it  is  possible  that  deeper  prospecting  vnll  disclose  further 
quantities  of  higher  grade  ore.  Most  of  the  high  grade  ore  at 
present  developed  in  said  to  be  pyrolusite. 

The  following  table  gives  the  total  quantity  of  ore  export- 
ed from  the  various  Districts  from  1906 
to  the  end  of  191 4. 
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Table  9 — QtiantUy  of  ore  exported  from  1906-14. 


Ye»r 

Export 
Tone 

Boyalij 

Sbimoga 

CbiUldnig 

Ttimkur 

Kftdur 

Total 

1906       ... 

86,534 

11 

4,117 

•  •■ 

40,662 

15,743 

1907 

68,241 

920 

10,866 

4,696 

69,726 

96,560 

1906 

47,038 

1.212 

4,172 

2,148 

54,570 

20.464 

1909 

16,135 

9,607 

•  ■  • 

8,869 

29,181 

8.784 

1910 

28,349 

1.029 

•  •• 

•  •  V 

29,873 

18.0GB 

1911 

18,061 

•  •• 

1,662 

•  •  • 

14,948 

5,604 

1912 

24,086 

•  «  • 

702 

•  •• 

24.787 

10.286 

1918 

28.742 

10 

666 

•  •  • 

24.818 

'9,851 

1914 

19.877 

■  •  • 

••• 

«•• 

19.877 

4.817 

ToUl    ... 

261,682 

12,789 

22,266 

10.286 

806,841 

1,20,151 

We  cannot  devote  much  space  to  this  intricate  and  often 

obscure  problem.  Those  who  desire  fur- 
ther  information  may  be  referred  to  Dr. 
Fermor's  valuable  Memoir  on  the  "  Manganese  Ore  Deposits 
of  India  "  0  and  to  the  summary  of  his  views  in  the  *'  Quin- 
quennial Review  of  the  Mineral  Production  of  India '*(*). 

In  Mysore  the  deposits  appear  to  be  confined  to  the 
chloritic  series  of  the  Dharwar  schists  and  to  have  resulted 
from  the  alteration  of  these  schists  to  a  comparatively  small 
depth  from  surface.  The  manganese  probably  occurred  origi- 
nally in  certain  of  those  schists  in  minute  quantities  in  the 
form  of  manganese,  bearing  silicates.  The  various  silicates  of 
the  schists  were  subsequently  broken  up  by  the  action  of 
circulating  waters  and  solutions  giving  rise  to  solutions  con- 
taining manganese,  iron,  etc.,  from  which  the  oxides  of 
manganese  and  iron  were  deposited  in  segregated  patches, 

{})  Memoirs  of  the  Geological  Survey  of  India,  Vol.  XXXVII. 
C)  Beoords  of  the  Geological  Survey  of  India.  Vol.  XLVI. 
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lenses,  bands  or  veins  in  sufficiently  concentrated  masses  to 
form  ores.  In  these  segregated  patches  th^  original  schist 
has  been  removed  and  replaced  by  the  manganese  and  iron 
minerals  to  a  variable  extent  and  we  get  various  earthy  ores, 
wads,  etc.,  hardening  up  in  places  by  addition  of  further 
mineral  matter  to  rich  ores.  Local  conditions,  of  which  we 
have  no  knowledge,  have  determined  that  in  places  the  manga- 
nese is  deposited  by  itself  forming  manganese  ore  and  in  other 
places  the  iron  segregates  to  itself  forming  iron  ore,  while 
between  these  types  there  has  been  a  very  extensive  formation 
of  mixed  ores  in  which  the  relative  proportions  of  manganese 
and  iron  vary  widely.  It  is  not  possible  to  say  how  deep  the 
original  solvent  action  may  have  extended,  but  it  is  probable 
that  the  concentration  and  formation  of  these  ore  masses  is 
confined  to  comparatively  shallow  depths  probably  within 
100  to  200  feet  from  surface  and  it  is  doubtful  if  any  of  the 
Mysore  deposits  will  exceed  100  feet  or  so  in  depth.     At  Kumsi  ||;; .    j 

ore  is  now  being  worked  at  over  80  feet  below  surface  and  there 
are  signs  that  the  ore  bodies  are  changing  and  petering  out. 

The  ores  are  frequently  associated  with  banded  ferrugi- 
nous quartzites  and  it  has  been  suggested  that  the  alteration 
of  these  rocks  may  have  given  rise  to  the  ores.  It  is  true  that 
these  rocks  are  sometimes  veined  and  impregnated  with 
manganese  and  that  much  altered  remnants  of  them  are  found 
in  the  banded  ochres  and  altered  schists  in  which  the  manga- 
nese ores  occur.  As  one  of  the  members  of  the  schist  series 
they  may  have  contributed  their  quota  to  the  mangauiferous 
solutions,  but  the  proportion  was  probably  not  large  compared 
with  that  from  the  large  masses  of  altered  schist  with  which 
they  are  associated. 

The  larger  deposits  in  Mysore  occur  on  ridges  or  compa- 
ratively high  ground  and  the  presence  of  the  highly  resisting 
quartzites  has  in  many  cases  determined  these  elevations  and 
preserved  the  ores  and  the  soft  ochres  from  denudation  and 
the  relationship  of  the  quartzites  to  the  ores  may  be  protective 
rather  than  genetic. 
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A  number  of  the  smaller  deposits  occur  on  the  slopes  and 
on  the  lower  ground  and  these  appear  to  be  largely  of  the 
nature  of  detrital  or  talus  deposits  derived  from  the  breaking 
down  of  ores  once  situated  at  a  higher  level.  Ores  have  been 
found  in  situ  beneath  some  of  these  talus  deposits,  but  they 
have  not  been  proved  to  be  extensive  and  may  represent  the 
remnants  or  roots  of  larger  lenses  or  bands  the  greater  portions 
of  which  have  been  worn  away. 

Lateritic  material  is  frequently  associated  with  the  ores. 

In  some  cases,  as  at  Shankargudda,  this 
appears  to  be  genuine  laterite  formed  in 
situ  on  the  surface  of  the  altered  schists.  On  parts  of  the 
ridge  thin  ore  bands  alternate  with  ochre  and  altered  schist 
and  the  laterite  has  eaten  its  way  down  between  the  ore  bands. 
Fragments  and  lumps  of  ore  remain  in  the  laterite  and  while 
these  have  been  to  some  extent  dissolved  it  is  probable  that 
some  of  them  have,  at  some  period,  formed  centres  or  nuclei 
for  the  segregative  deposition  of  further  quantities  of  manga- 
nese. The  breaking  up  and  denudation  of  these  lateritic 
masses  (or  lateritoid  as  Fermor  calls  them)  and  of  exposed' 
ochres  and  ore  bands  have  given  rise  to  numerous  talus  depo- 
sits on  the  slopes  or  lower  ground  in  which  large  lumps  and 
nodules  of  ore  are  irregularly  distributed  in  ferruginous  clay 
and  gravel  which  is  often  reconsolidated  into  lateritic  material 
of  secondary  origin.  These  talus  deposits  and  the  soil  associ- 
ated with  them  are  often  very  full  of  gravel  consisting  of  rounded 
and  concentric  pisolites  of  limonite  with  variable  amounts 
of  manganese.  Some  of  these  are  derived  from  the  weather- 
ing of  pisolitic  ore  and  some  correspond  to  the  ordinary  lateritic 
gravel  which  is  so  commonly  found  as  detrital  material  derived 
from  typical  laterite.  In  the  latter  case  the  pisolites  do  not 
exist  in  the  laterite  itself,  but  are  produced  by  the  breaking  up 
and  rounding  of  small  veins  or  segregations  of  limonite  with 
subsequent  coats  of  limonitic  ore  deposited  round  them. 

At  Holmes'  pit,  Eumsi,  there  are  large  masses  of  low  grade 
pisolitic  manganese  ore,  fractured  into  lumps,  between  which 
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the  ore  has  altered  to  highly  ferrnginous  material  which  is 
becoming  cavernous  and  lateritic  in  appearance. 

In  Table  11  is  given  a  selected  list  of  analyses  which  have 

been  kindly  furnished  by  the  licensees  of 
the  various  blocks.  The  list  is  less  com- 
plete than  could  be  desired,  as  in  many  cases  shipments  have 
been  made  of  mixed  ores  from  several  blocks  and  complete 
analyses  are  not  available  for  many  of  the  separate  deposits. 
When  considered  in  bulk  the  ores  are  considerably  lower  in 
manganese  than  those  from  the  Central  Provinces.  The 
greater  portion  consists  of  psilomelane  the  lower  grades  of 
which  are  frequently  pisolitic.  There  is  a  fair  amount  of  wad 
passing  into  psilomelane,  some  pyrolusite  much  of  which  is 
cavernous,  rather  friable  and  powdery,  and  some  manganite 
and  other  undetermined  varieties. 

The  grading  of  the  ore  is  an  arbitrary  matter  and  the 
following  table  shows  the  approximate  limits  adopted  in  the 
Central  Provinces  and  in  Mysore. 

Table  10 — Grading  of  Manganese  Ores. 


Central  Provinces 


Mysore 


1st  grade 
2nd    „ 
3rd    „ 


50  per  cent  Mn. 


48-60 
45-48 


»> 


»i 


47-52  per  cent  Mn. 


42-47 
38-42 


I* 


9t 


According  to  this  the  Mysore  ores  are  relatively  about 
one  grade  lower  than  those  of  the  Central  Provinces  in 
manganese  contents  and  many  of  the  former  would  be  classed 
by  Fermor  as  Ferruginous  Manganese  Ore  or  Manganiferous 
Iron  Ore, 

On  the  other  hand,  the  low  silica  and  phosphorus  in  the 
Mysore  ores  and  their  good  smelting  qualities  raise  their  value 
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and  justify  the  better  class  ore  being  regarded  as  1st  grade 
even  though  it  may  average  only  about  48  per  cent  Mn. 

From  Table  11  it  will  be  seen  that  in  addition  to  much 
local  variation  there  are  some  general  variations  in  the  ores 
from  dififerent  localities.  The  ores  from  round  about  Joladhal 
in  the  Channagiri  Taluk  and  Shiddarhalli  in  the  adjoining 
Tarikero  Taluk  are  remarkably  low  in  phosphorus  often  under 
001  per  cent.  Much  of  this  ore  is  low  fn  manganese  and  high 
in  iron  and  some  fairly  high  in  Silica.  At  Holmes*  pit,  Kumsi 
Taluk,  the  phosphorus  is  low,  averaging  about  0'04  per  cent, 
and  is  still  lower  in  the  Python  deposits  close  by. 

At  Shankargudda  both  phosphorus  and  iron  are  higher  than 
at  Kumsi  and  average  about  0*07  per  cent  and  10  to  12  per 
cent  respectively.  The  ores  at  ICarekalgudda  and  Kenkere  in 
the  Hosdurga  Taluk  appear  to  be  somewhat  of  the  same  class. 
At  Karkodlu  and  other  small  deposits  in  the  Tirthahalli  Taluk 
and  in  the  small  deposits  around  Itigehalli,  Hosur  and  Ballar 
in  the  Shikarpur  Taluk  the  phosphorus  is  much  higher  than 
elsewhere  and  runs  from  about  0*1  to  0*25  per  cent  and  the  iron 
and  silica  is  also  high. 
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The  workings  at  Enmsi  and  Shankargudda  have  shown 

that  a   notable  improvement  in   grade 

IfliprovMMBtlB  Depth.  .  i        •    x       a  ii   j      au 

occurs  at  several  pomts  at  a  small  depth 
below  surface  below  the  3rd  grade  ores,  many  of  which  are 
pisolitic.  Analyses  9  to  11,  12  to  14,  15  and  16, 19  and  20  show 
this  improvement  and  we  have  been  informed  recently  that  the 
ore  in  some  of  the  laterite  which  averaged  about  30  per  cent 
manganese  has  now  been  succeeded  at  a  depth  of  25  or  more 
feet  by  ore  running  45  to  46  per  cent  manganese.  It  is  interest- 
ing to  note  also  that  much  of  the  float  ore  in  lateritic  soil  and 
gravel  is  of  comparatively  low  grade  and  that  beneafli  it  ores 
of  better  grade  have  been  found.  This  is  particularly  the  case 
when  the  float  is  composed  of  pisolitic  ore  and  it  seems  to  be 
the  rule  that  the  pisolitic  ores  when  in  situ  are  restricted  to  the 
more  superficial  portions  of  the  deposits.  The  origin  and  re- 
lationships of  these  pisolitic  ores  are  still  very  obscure,  but 
from  the  point  of  view  of  practical  prospecting  it  is  important 
to  find  that  low  grade  float  and  surface  ores  are  sometimes 
underlain  by  higher  grade  ores  and  that  surface  trenches  to  a 
depth  of  10  feet  or  more  may  reveal  only  poor  ores  and  cause 
abandonment  of  work  leaving  better  ores  below  undetected 
and  untouched. 

The  cost  of  winning  the  ore  and  taking  it  to  a  market  is 

a  very  variable  one  and  depends  on  the 

Cost  of  Oro 

character  of  the  deposit,  distance  from  a 
railway  and  freight  charges.  The  following  figures  for  the 
Central  Provinces  are  given  by  Fermor.  Q) 

Contractors  are  paid  from  Bs.  30  to  Bs.  60  per  1,000 
cubic  feet  of  stacked  clean  ore.     At  16^  cubic  feet  to  the  ton  PI 

this  comes  to  eight  annas  to  one  rupee  per  ton  of  ore.  An 
additional  payment  of  Bs.  5  to  Bs.  6  per  1,000  cubic  feet  of 
excavation  is  made  to  cover  the  cost  of  removing  waste 
material  the  proportion  of  which  to  ore  varies  very  consider- 
ably.    This  chsurge  may  amount  to  from  one  anna  to  one 

I  I  ■-■■■III       II  i~-       -  • "    '  ~  ^— ^^^^^^■^-^^-^^^^^^^^^■^^^-^■^^^^^— ^^^^^^^^-^^— 

(1)  Mexnoin  of  the  Oeologioal  Snirey  of  India,  Vol.  XXXVII,  Chapter  XXIII. 
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rupee  per  ton  of  ore  making  the  contract  charge  9  annas 
to  Bs.  2  per  ton.  Dead  work,  plant,  tools  and  adminis- 
tration may  vary  from  8  annas  to  Bs.  1-8-0.  Transport 
to  railway  by  cart  costs  2^  to  2|  annas  per  ton  mile  and  load- 
ing into  railway  waggons  1  to  1^  annas.  Various  wharf  dues 
at  Bombay  vary  from  11 J  annas  to  Bs.  1-8-0  and  at  Marmngoa 
Bs.  13-0. 

Ocean  freights  including  insurance  have  varied  from 
Bs.  12  to  15  and  charges  at  destination  run  from  14  annas  to 
Bs.  1-11-0. 

These  charges  are  assembled  in  Table  12  to  give  an 
idea  of  average  cost  of  ore  c.i.f.,  English  and  Continental 
ports. 

In  Mysore  we  have  comparatively  few  figures  relating 
to  large  consignments  of  ore.  Those  despatched  by  the 
Workington  Iron  and  Steel  Company  go  mainly  to  their  own 
works  in  England  while  much  of  the  ore  obtained  by  other 
licensees  has  been  sold  at  contract  prices  on  the  railway  or  at 
Marmugoa. 

At  Eumsi  and  Shankargudda  in  the  Shimoga  District, 
where  the  most  extensive  workings  are  situated,  the  average 
contract  rate  is  about  Bs.  2-2-0  per  100  cubic  feet  of  exca- 
vation excluding  preparation  of  site,  removal  of  surface  soil, 
etc.  The  cost  per  ton  depends  on  the  relative  amount  of  ore 
and  waste  or  miitti.  Except  in  the  case  of  talus  deposits  the 
ore  bands  and  lenses  are  usually  steeply  inclined  and  in  order 
that  a  fair  proportion  of  ore  may  be  obtained  it  is  necessary 
that  the  ore  bodies  should  be  wide  or  that  several  bands 
should  be  suflBciently  adjacent  to  be  included  in  one  pit.  At 
Eumsi  the  heavier  ore  bands  yield  about  3  tons  per  100  cubic 
feet  and  the  average  is  about  1 J  tons  of  marketable  ore,  i.e., 
excluding  large  quantities  of  low  grade  ferruginous  ore.  At 
Shankargudda  the  quantities  are  rather  higher,  say  3^  and  2 
tons,  respectively.  The  average  contract  rate  at  Eumsi  is 
therefore  about  Bs.  1-6-0  per  ton  and  includes  mining,  sort- 
ing and  removal  of  waste, 


99 


Snpervision,  tools,  plant  aud  loading  costs  Be.  1  to 
Es.  1-2-0. 

Transport  on  tramway  (27  miles)  to  Shimoga  includ- 
ing maintenance,  running  costs,  loading  and  unloading, 
Es.  2-3-0. 

Administration,  ofl&ce,  royalty,  etc.,  Es.  1-6-0. 

Eail  to  Marmugoa  and  port  charges,  Es.  6-8-0. 

Sea  freight  and  insurance,  Es.  12-12-0. 
The  figures  for  the  Central  Provinces  and  Mysore  may 
be  put  in  the  following  tabular  form : — 

Table  12 — Cost  of  Manganese  Ore  per  ton. 


Central  ProYinces  via  Bombay 

Shimoga 
(Mysore) 

Limits 

Average 

via  Mar- 
mugoa 

Mining  work 
Supervision,  tools,  etc. 
Oeneral  administration 
Transport  to  railway 
Railway  freight 
Handling  at  port 
Agents'  commission 

Rb.    a.      Rb.    a. 

1    0    to    4    0 

Nil      to    6    0 
7    6    to    8  15 
0  lOi  to    1    8 
Nil      to    0    4 

Rb.    a. 

2      12 

1        8 
8       0 
1       4 
0       2 

Rb.    a. 

1       6 
1       1 

1  6 

2  8 

}   6       8 
0       2 

Cost  f.o.b.  at  port 

Sea  freight  and  insurance 

Destination  charges 

9    Oi  to  19  11 
9    0    to  15    0 
0  14    to    2    0 

18      10 

12       0 

1        4 

12      10 

12      12 

1       4 

CoBt  c.if.  at  destination 

21    8    to  86  11 

26      14 

26      10 

The  ore  from  Eumsi  therefore  costs  about  Bs.  6  per  ton 
at  Shimoga  excluding  interest  on  the  cost  of  the  tramway 
which  may  raise  it  to  Bs.  7  per  ton.  Such  charges  as  interest, 
administration  and  tramming  depend  largely  on  quantity  and 
due  allowance  must  be  made  for  this.  In  cases  where  bullock 
carts  have  to  be  used  the  usual  rate  is  four  annas  per  ton  mile 
and  the  cost  of  ore  from  such  properties  as  Shiddarhalli  and 
Hoshalli,  situated  up  to  15  miles  from  the  railway  at  Tarikere 
or  Benkipur,  used  to  come  to  some  Bs.  8  or  9  at  the  railway 
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station.  We  may  take  it  that  ore  from  the  various  mangani- 
ferous  areas  in  Mysore  will  nsiially  cost  between  12  and  15 
rupees  i^v  ton  f.o.b.  Marmugoa  and  the  question  whether  it 
can  be  sold  at  a  profit  or  not  depends  mainly  on  the  market 
rate  and  on  sea  freights. 

Manganese  ores  are  sold  on  a  basis  of  so  many  pence  or 

annas  j:>er  unit  of  manganese  contained 
in  the  ore — ^the  number  of  units  being 
equal  to  the  percentage  of  manganese. 

The  sale  value  of  a  ton  of  manganese  ore  containing  48 
per  cent  of  Mn.  when  the  market  rate  is  10  annas  per  unit  is 
48x10=480  annas,  or  Ra.  30.  The  market  rate  varies  for 
1st,  2nd  and  3rd  grade  ores  and  there  are  certain  restrictions 
if  the  silica  exceeds  10  per  cent  or  the  phosphorus  O'l  per 
cent. 

The  market  rates  have  varied  very  considerably  during 
the  past  few  years. 

In  1906-07  the  rate  for  1st  grade  ore  rose  to  between 
IS  and  16  annas  per  unit  and  there  was  a  considerable  boom 
in  mining  and  prospecting  for  manganese. 

In  1908-09  the  rate  fell  to  about  9  annas  and  work  be- 
came much  restricted  as  many  of  the  ores  could  not  be  ex- 
ported at  a  profit. 

In  1913  it  rose  to  between  11  and  12  annas  but  these 
better  prices  were  discounted  by  high  shipping  freights.  There 
was  a  fall  again  in  1914  and  since  then  war  freights  have 
rendered  shipments  almost  impossible. 

As  already  pointed  out  much  of  the  Mysore  ore  is  2nd  or 
3rd  grade  and  the  rates  for  these  run  about  one  anna  per 
unit  less  for  each  successive  grade.  If  1st  grade  is  9  annas, 
2nd  grade  will  be  about  8  and  3rd  grade  about  7  annas  per 
unit.  Assuming  according  to  Table  12  that  the  Mysore  ore  can 
be  delivered  in  England  or  Europe  at  a  cost  of  Bs.  27  per 
ton  or  432  annas — 

a  48  per  cent  ore  will  cost  ^=9  annas  per  unit  and 
cannot  be  sold  at  a  profit  unless  the  market  rate  exceeds 
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9  annas.     For  lower  grade  ores  the  position  is  still  worse  and 
it  is  obvious  that  the  majority  of  the  Mysore  pres.requure;.. 
either  high  rates  or  low  working  expensed.  >ti^  *ffeights'-i)b^ 
make  them  profitable.     In  some  cases  a  rate  of  2^4ji^*5r33:ifxss: :  :* 
per  unit  may  be  obtained  for  the  iron  in  fehVore-mid  if  silica' '' 
and  phosphorus  are  low  it  may  sometimes  be  possible  to  ex- 
port ores  containing  40  per  cent  or  less  of  manganese  under 
favourable  conditions. 

UTILIZATION    OF   MANGANESE    ORE. 

Manganese  ore  is  put  to  a  large  variety  of  uses  of  which 
the  preparation  of  various  alloys  of  iron  and  manganese  known 
as  spiegel-eisen  and  ferro-manganese  is  far  the  most  important 
and  takes  some  80  to  90  per  cent  of  the  whole  output  of  the 
world.  Manganese  is  also  added  to  steel  up  to  a  proportion 
of  20  to  30  per  cent  and  yields  a  material  combining  great 
toughness  and  hardness  which  is  used  for  special  purposes 
such  as  tramway  points  and  crossings,  rock-breakers,  rolls, 
gun  shields,  etc.  Various  bronzes  and  other  alloys  are  made 
with  copper,  aluminium,  zinc,  etc. 

As  an  oxidiser  manganese  is  used  for  the  preparation  of 
chlorine  and  bleaching  powder,  decolouring  glass  and  manu- 
facture of  permanganates.  It  is  used  as  a  colouring  material 
for  calico,  glass,  pottery  and  paints  and  for  various  minor 
chemical  and  manufacturing  purposes. 

Alloys  of  iron  and  manganese  containing  from  12  to  30 

per  cent  mangailese  are  usually  called 
ivuSlSSSlS!"*""'*'''''"'^'     spiegel-eisen  and  those  from  30  per  cent 

upwards  are  called  ferro-manganese. 
The  most  usual  alloys  are  12  and  20  per  cent  spiegel  and  80 
per  cent  ferro  and  these  are  made  by  smelting  manganese  ores 
with  coke  in  blast  furnaces,  in  much  the  same  way  as  pig  iron 
is  smelted  from  iron  ore,  only  that  the  output  of  the  furnaces 
is  much  less  and  the  consumption  of  fuel  much  greater  than 
in  the  manufacture  of  iron.  Spiegel  contains  4  to  5  per  cent  of 
carbon  and  ferro  6  to  7  per  cent  of  carbon  and  they  are  added 
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to  molten  steel,  either  in  the  fomace  or  in  the  ladle,  in  order 
to.recarbur}ze  the.  steel  to  the  extent  required  by  the  mttnu- 
f actnrer. .  Spi^ej  is  used  chiefly  for  steel  made  by  the  Be&- 
^fi[ism'er  propes&and  ferro  in  open  hearth  steels. 

In  addition  *  Ur  the  recarbnrizing  action  the  manganese 
purifies  the  steel  by  removal  of  oxygen  and  meet  of  the 
manganese  is  converted  to  oxide  and  passes  into  the  slag.  It 
is  usual  to  add  sufficient  alloy  to  leave  a  small  excess  of 
manganese  in  the  finished  steel  to  improve  the  rolling.  On 
the  average  a  totat  of  about  3  per  cent  of  manganese  is  re- 
quired per  ton  of  steel  made  and  this  accounts  for  the  greater 
portion  of  the  total  production  of  manganese  ore. 

With  the  exception  of  a  few  thousand  tons  of  ore  used  in 
^    ^  ^     .  .  ^.  the  iron  and  steel  furnaces  in  India  as  a 

Maaiifactare  In  India. 

desulphuriser,  practically  the  whole  of 
the  Indian  output  is  sent  to  Europe  where  the  greater  part  is 
converted  to  spiegel  and  ferro.  The  market  value  of  the 
Spiegel  and  ferro  is  probably  from  3  to  5  times  the  value  in 
India  of  the  ore  from  which  it  is  produced.  The  latter  value 
has  averaged  over  Rs.  120  lakhs  annually  during  the  past  5 
years  and  the  difference  between  this  and  the  value  of  the 
manufactured  article  is  represented  as  a  very  serious  economic 
loss  to  India  which  could  be  reduced  by  manufacture  in  India  on 
a  large  scale.  Fermor  has  discussed  the  problem  of  manufac- 
turing ferro  at  Sini  on  the  Bengal-Nagpur  Railway  from  the  52 
per  cent  ores  of  the  Central  Provinces  on  the  following  basis : — 

Materials  rlsquired.  Rs.  a.  p. 

1*9  tons  ore  at  Rs.  22-8-0  per  ton  ...  42  12    0 

2*5  tons  coke  at  Rs.  16  per  ton  ...  40    0    0 

I'O  ton  limestone  ...  ...     5    0    0 


Total  materials        . .    87  12    0 


If  we  add  Rs.  12-4-0  for  fixed  charges,  labour,  etc.,  the  cost 
of  manufacture  comes  to  Rs.  100  per  ton  which  is  about  equal 
to  the  cost  of  manufacture  in  England  with  imported  ore. 
To  send  the  ferro  to  markets  in  England  and  Europe  would 
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probably  cost  Bs.  30  for  rail  and  sea  freights,  dues,  etc.,  and  the 
cost  of  packing  in  barrels  would  probably  be  considerable  and 
the  prospects  of  selling  at  a  profit  in  those  markets  does  not 
seem  very  promising.  In  America  the  price  is  said  to  have 
averaged  Bs.  191-12-0  from  1901-1907  and  it  would  seem  that 
even  after  allowing  for  packing,  transport  charges,  etc.,  it 
should  be  possible  to  deliver  Indian  ferro  at  Pittsburg  for  less 
than  that  price,  but  the  same  argument  would  apply  to  ferro 
manufactured  in  England  and  the  shipping  expenses  would 
probably  be  less  from  England  than  from  India.  Since  the 
period  quoted  the  average  import  value  into  America  has  been 
considerably  lower — about  Bs.  150  in  1913.  It  is  possible  that 
a  material  reduction  might  be  made  in  the  cost  of  ore  and  coke 
especially  in  the  case  of  a  company  using  its  own  ore  and  fuel 
and  the  problem  is  worth  further  attention  in  specific  cases. 

There  is  very  little  demand  for  ferro  in  India  itself,  pro- 
bably not  more  than  a  couple  of  thousand  tons  a  year,  but  it 
will  probably  increase  somewhat  in  the  near  future.  No  doubt 
this  could  be  supplied  from  India  at  a  considerably  lower  figure 
than  it  can  be  imported  for.  The  imported  ferro  costs  some 
JiLO  to  11  per  ton  f.o.b.  English  ports  to  which  must  be 
added  some  Bs.  40  for  transport,  dues,  import  tax,  etc.,  mak- 
ing the  cost  in  India  about  Bs.  200  per  ton. 

The  most  serious  point  for  consideration  is  the  high  per- 
centage of  phosphorus  in  the  Indian  ore  and  coke.  The  ore 
from  the  Central  Provinces  contains  about  0'09  per  cent  P  and 
Indian  coke,  such  as  that  used  at  Sakchi,  contains  some  14'7 
per  cent  of  ash  carrying,  0'93  per  cent  P.  Coke  with  lower 
phosphorus  may  be  available,  but  if  we  take  thg  above  figures 
and  assume  that  all  the  phosphorus  goes  into  the  ferro  we  get 
the  following  figures  : — 

1-9  tons  ore  (0*09  per  cent  P)     =0-0017  tons  P 
2-5  tons  coke  (0136  per  cent  P)  =0*0034     „ 


.1  i: 


If' 


i; 


h!    I 


I 


iTotal         ...     00051 
or  0'51  per  cent  P  in  the  finished  ferro. 
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It  has  been  stated  that  it  is  not  desirable  that  the  P 
should  exceed  0*22  per  cent  in  an  80  per  cent  ferro  and  fchoogh 
doubtless  this  amount  is  often  exceeded  the  fact  of  a  yery 
large  increase  as  indicated  above  would  diminish  the  Talue 
of  the  local  ferro  or  cause  a  more  expensive  ferro  to  be 
preferred. 

It  has  been  necessary  to  consider  the  above  few  facts  in 

connection  with  our  gigantic  neighbour 

Manufacture  In  Mysore.      -     .  -.  .i.,.x.  « 

before  discussmg  possibilities  in  Mysore. 
If  we  had  to  enter  into  competition  with  a  product  made  in 
British  India  on  a  large  scale  the  position  would  be  hopeless 
just  as  it  is  hopeless  for  Mysore  to  make  ordinary  pig  iron  in 
competition  with  Sakchi.  Just  as  in  the  case  of  iron  and  steel 
the  only  chance  for  Mysore  lies  in  the  production  of  a  high 
class  product  and  we  have  two  factors  which  favour  this, 
viz : — an  ore  low  in  phosphorus  (005  per  cent  or  even  less) 
and  charcoal  fuel  which  is  practically  free  from  phosphorus — 
with  the  result  that  we  could  produce  a  ferro  (77  per  cent) 
with  not  more  than  0*1  per  cent  P. 

We  will  assume  that  charcoal  can  be  obtained  although* 

as  pointed  out  already,  the  supplies  are 

ar      sme  ung.  small  and  may  all  be  required  for  iron 

smelting.     We  will  also  assume  that  ferro  and  spiegel  can  be 

smelted  in  a  charcoal  furnace  though  we  have  no  definite 

information  that  this  has  been  done. 

A  good  deal  will  depend  on  the  cost  of  ore,  but  if  the 
smelting  is  done  by  a  company  like  the  Workington  Company 
using  its  own  ore  the  cost  may  be  taken  at  Bs.  7  per  ton  at 
Shimoga  for  higher  grade  and  Bs.  5  for  lower  grade. 

The  following  approximate  estimates  contemplate  the  pro- 
duction of  5,000  to  8,000  tons  of  77  per  cent  or  60  per  cent 
ferro  or  10,000  tons  of  30  per  cent  spiegel. 

For  77  per  cent  ferro  we'  assume  ore  containg  48  per 
cent  Mn.  and  8  per  cent  Fe. 

For  60  per  cent  ferro  we  assume  ore  containing  35  per 

cent  Mn.  and  17  per  cent  Fe. 
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For  30  per  cent  spiegel  we  assume  ore  containing  30  per 
cent  Mn.  and  24  per  cent  Fe. 

Table  13 — Cost  per  ton  of  Ferro  and  Spiegel  in  Mysore. 


77  per  cent  Ferro 

60  per  cent  Ferro 

90  per  cent  Spiegel 

Bs. 

■ 

Bs. 

Bs. 

Manganese  ore     ... 
Iron  ore 

2  tons  at  Bs. 
7. 

14 

•  •  • 

2  tons  at  Bs. 
6. 

... 

10 

•  •  • 

li  tons  at  Bs. 

6. 
12  cwt.  at  Bs. 

8. 
1)  tons  at  Bs. 

26. 
8  owt.  at  Bs. 

5. 

6i 
li 

Charcoal 

Limestone 

Labour 

Bepairs  and  relin- 

Qi  tons  at  Bs. 

26. 
8  owt.  at  Bs. 

6. 

57 

2 

4 
6 

2  tons  at  Bs. 

26. 
8  owt.  at  Bs. 

5. 

50 

2 

4 
4 

87} 
2 

ing. 

Sn^plies  and  sund- 
ries. 

Management  and 
supervision. 

Interest  and  depre- 
oiation. 

3 
5 
6 

8 
4 
5 

• 

174 

Total 

96 

B2 

66 

The  figures  for  management,  interest,  etc.,  are  somewhat 
problematical  and  depend  on  qoantity  and  on  combination  of 
the  work  with  other  work,  but  the  variations  which  might 
arise  are  not  likely  to  total  more  than  a  few  rupees  per  ton. 

The  production  of  a  77  per  cent  ferro  might  not  be  advis* 
able  as  we  have  not  a  very  large  supply  of  the  higher  grade 
ores  and  to  use  them  locally  might  very  seriously  interfere 
with  the  export  of  much  larger  quantities  of  lower  grade  ores 
which  the  former  help  to  bring  up  to  a  marketable  standard. 
On  the  other  hand  the  use  of  ores  containing  35  per  cent  Mn. 
or  less  for  the  production  of  lower  grade  ferro  and  spiegel 
would  be  an  unmixed  blessing  as  these  ores  are  practically 
useless  for  export  and  are  often  a  waste  product  of  the  mining 
work. 

Assuming  that  the  smelting  work  is  technically  possible 
it  remains  to  enquire  whether  we  can  sell  these  products  at 
a  profit.      It  is  very  doubtful  if  the  products  could  sell  in 
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European  markets  unless  specially  high  prices  were  offered  on 
account  of  the  low  phosphorus  (0*1  per  cent  or  less).     To  the 
cost  price  at  Shimoga  must  be  added : — 

Bs. 
Railway  charges  to  Marmugoa  ...     7 

Freight  and  insurance  ...  ...  20 

Charges  at  destination  ...  ...     3 

Packing  (cost  not  known)        ...  ...     5 

35 

For  the  77  per  cent  and  60  per  cent  ferros  this  Bs.  35 
will  have  to  be  added  making  the  c.i.f.  costs  in  England 
Bs.  131  and  117,  respectively.  In  the  case  of  the  spiegel  if 
packing  is  unnecessary  we  may  reduce  the  freight  by  Bs.  5 
and  packing  by  Bs.  5  making  the  addition  for  transport,  etc., 
Bs.  25  and  the  c.i.f.  cost  of  the  spiegel  Bs.  90.  In  England 
the  sale  price  of  80  per  cent  ferro  is  about  £9  or  Bs.  135  per 
ton  and  that  of  30  to  35  per  cent  spiegel  about  £5  to  6,  or 
Bs.  75  to  90,  per  ton  and  it  would  therefore  seem  that  the 
Mysore  products  could  not  be  put  on  the  market  at  less  than 
the  general  selling  prices  so  that  no  profit  would  remain  un- 
less special  prices  were  obtainable. 

There  is  practically  no  demand  for  60  per  cent  ferro.  We 
might  sell  a  couple  of  thousand  tons  of  77  per  cent  in  India 
in  substitution  of  the  80  per  cent  now  imported.  The  latter^ 
as  shown  above,  costs  about  Bs.  200  at  Sakchi. 

Mysore  77  per  cent  would  cost : — 

Bs. 
At  Shimoga  ...  ...     96  per  ton. 

Transport  to  Sakchi  ...     25 


Total        ...  121 


and  this  should  leave  a  good  profit  even  if  costs  went  up 
owing  to  smaller  output. 
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It  woald  be  more  advantageous  from  many  points  of  view 
if  the  steel  works  would  nse  60  per  cent  ferro  and  we  do  not 
think  there  is  any  real  difficulty  in  doing  so  in  open  hearth 
furnaces. 

The  60  per  cent  ferro  would  cost : — 

As. 

At  Shimoga  ...  ...     82 

Transport  to  Sakchi  ...     25 


Total         ...   107 


It  would  be  necessary  to  use  1^  tons  of  60  per  cent,  cost- 
ing Bs.  143,  to  replace  1  ton  of  80  per  cent,  costing  Bs.  200, 
which  still  leaves  a  good  margin  for  profit. 

In  the  case  of  places  like  China,  Japan  and  Australia 
transport  ought  not  to  cost  more  than  the  figures  given  above 
for  England  and  we  should  therefore  be  able  to  land  the  My- 
sore products  there  at  about  makers'  prices  in  England  with 
the  packing  and  transport  charges  from  England  in  our  favour 
in  the  shape  of  profit. 

These  various  suggestions  are,  we  think,  worth  the  atten- 
tion of  practical  men,  but  as  the  technical  and  commercial 
problems  involved  are  intricate  and  rather  obscure  we  do  not 
feel  justified  in  recommending  definite  action  without  further 
advice. 

It  must  not  be  forgotten  that  the  supply  of  charcoal  is 
limited  and  that  the  whole  of  the  reputed  supply  has  been 
allotted  to  the  iron  smelting  scheme  already  discussed.  It 
would  be  safer  and  sounder  to  embark  on  the  iron  scheme 
than  on  ferro  and  the  latter  might  come  in  as  an  adjunct  if 
the  opening  up  of  the  forests  shows  that  sufficient  charpoal 
can  be  made  available. 

In  default  of  sufficient  charcoal  would  it  pay  to  use 
elecliricity  ?  For  several  years  the  use  of  electricity  has  been 
suggested  and  considered. 
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Specially  high  grade  ferro  is  made  in  electric  fomaoes  in 

Btoctric  SMittttc  •!       Europe  for  special  purposes  and  fetches 
F«m.BMMWMM.  ^^^  j^jgj^  prices.     Some  of  this  contains 

90  to  95  per  cent  Mn.  and  less  than  2  per  cent,  or  even  1  per 
cent  of  carbon  and  sells  at  prices  up  to  JCIOO  or  more  per  ton. 
The  demand  is,  however,  very  small  and  is  probably  insaffi- 
cient  to  keep  a  single  furnace  running  for  one  tenth  of  its 
time. 

The  question  we  have  to  consider  is  whether  we  can  pro- 
duce a  good  or  superior  ordinary  ferro  at  a  price  which  will 
compete  with  charcoal  smelting  or  at  a  price  which  will  pay. 

The  following  6gures  are  based  on  such  information  as 
we  possess,  but  the  consumption  of  power  and  electrodes  are 
doubtful  points. 

Table  14 — Cost  of  Electric  Ferro  (ordinary  77  per  cent). 


Bs. 

a. 

P- 

2  tons  ore  at  Bs.  7 

.     14 

0 

0 

7  cwts.  charcoal  at  Bs.  25  ... 

8 

12 

0 

7  cwts.  limestone  at  Bs.  5  ... 

1 

12 

0 

6,500  K.W.  Hours  at  02  as.  per  unit   .. 

.     81 

« 

4 

0 

Electrodes 

6 

0 

0 

Bepairs  and  relining 

5 

0 

0 

Management,  labour  and  sundries 

9 

0 

0 

Interest  and  depreciation   ... 

7 

4 

0 

Total 

133 

0 

0 

Thus  with  electricity  as  low  as  0*2  anna  per  unit  the  cost 
is  Bs.  37  more  than  for  charcoal  smelting. 

The  quality  might  be  superior  and  fetch  a  higher  price 
than  ordinary  ferro,  but  even  at  the  above  cost  we  could  place 
the  product  at  Sakchi  at  Bs.  158  per  ton  as  against  Bs.  200 
now  paid.  It  looks  as  if  such  a  process  might  have  some 
chance  of  success  if  the  power  can  be  obtained  at  a  simple 
meter  rate  of  0*2  anna  per  unit  at  Shimoga,  but  we  are 
doubtful  if  this  can  be  done. 
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It  would  be  possible  also  to  place  an  electrically  made 
60  per  cent  ferro  at  Sakchi  for  less  than  the  equivalent  now 
paid  and  this,  as  already  pointed  out,  would  be  advantageous 
to  Mysore. 

In  the  event  of  the  establishment  of  an  electric  steel 
^^    „       ^,.  refinery  it  would  be  possible,  with  the 

other  Perro  Alloys.  -i  -i  • 

addition  of  suitable  furnaces,  to  conduct 
large  scale  experiments  in  the  production  of  various  ferro 
alloys  which  might  lead  to  commercial  production  on  a  small 
scale.  Amongst  these  may  be  mentioned  manganese-steel, 
ferro- silicon  (Fe,  Mn)  silicon-spiegel  (Fe,  Mn,  Si),ferro-chrome 
(Fe,  Cr),  ferro-titanium  (Fe,  Ti)  and  special  titanium  steels. 
The  quantities  which  could  be  disposed  of  commercially  would 
no  doubt  be  small  and  the  standing  charges  would  be  too  high 
to  render  such  work  profitable  if  taken  up  as  a  separate  enter- 
prise, but  it  is  quite  within  the  bounds  of  possibility  that  some 
of  these  products  could  be  made  at  a  profit  as  accessories  to 
the  larger  work  contemplated  for  steel  refining. 
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Chromium. 

The  various  alloys  and  compounds  of  chromium  used  in 
the  arts  are  obtained  from  the  mineral  Chromite  or  Chrome 
Iron  Ore. 

Chromite  is  a  black  to  brownish  non-magnetic  mineral 
composed  of  the  oxides  of  chromium  and  aluminium  combined 
with  oxides  of  iron  and  magnesium  [(CrgAyOs,  (MgFe)O]. 
The  relative  proportions  of  the  various  metals  present  vary 
considerably  and  the  mineral  is  often  associated  with  iron  ores 
in  which  the  amount  of  chromium  may  be  only  a  few  per  cent. 

High  class  chrome  ore  contains  from  50  to  58  per  cent  of 
Cr^Og ;  the  ore  becomes  less  readily  saleable  as  the  proportion 
of  chromium  oxide  decreases  and  there  is  little  demand  for 
ore  containing  less  than  42  per  cent  with  5  per  cent  or  more 
silica. 

Chromite  has  been  found  during  the  course  of  survey 

work  at  many  places  in  the  Shimoga, 
^^.jwiHrtion  aod  occr.        Hassan  and  Mysore  Districts.     In  most 

places  it  occurs  as  grains  in  altered 
amphibolites,  pyroxenites  and  dunite  but  too  sparingly  to  be 
of  commercial  value.  It  occurs  more  abundantly  in  the  narrow 
Nuggihalli  schist  belt  running  S.S.E.  from  Arsikere  for  a 
distance  of  20  miles.  The  rocks  of  the  belt  are  largely  horn- 
blende and  talcose  schists  with  what  are  considered  to  be 
intrusive  masses  of  amphibolite  partly  altered  to  potstones  or 
talc  schists. 

The  chromite  occurs  in  the  altered  amphibolite  in  segre- 
gated patches  associated  sometimes  with  iron  ore. 

This  chrome  ore  is  of  comparatively  low  grade  (42  per  cent 

Cr^Oa)  and  consists  of  fine  granular  chro- 
Lttw  Qwmd%  Ores.  ^j^  ^^  ^  talcose  matrix  and  is  of  a  dull 
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greyish  black  colour.  The  ore  appears  to  occur  in  large 
quantities,  but  so  far  none  of  it  has  found  a  market.  It  might 
be  possible  to  concentrate  it  up  to  48  or  50  per  cent  Cr^Os,  but 
the  want  of  water  in  the  area  would  be  a  serious  difficulty  and 
the  crude  ore  might  have  to  be  removed  to  some  place  where 
water  is  available.  An  attempt  was  made  some  years  ago  by 
the  Mysore  Chromium  Company  to  start  a  concentration 
plant  but  after  considerable  expenditure  on  a  water  dam, 
plant,  etc.,  the  project  was  given  up.  as  not  feasible.  If  the 
comparatively  high  prices  which  ruled  in  1913-14  are  main- 
tained after  the  war  a  concentrating  project  may  be  worth 
farther  consideration,  but  it  must  be  remembered  that  th& 
market  for  chrome  jore  is  a  difficult  one  and  some  defioite 
assurance  would  have  to  be  obtained  as  io  the  saleability  of  the 
products. 

Further  south,  in  the  Mysore  District  between  Mysore 

and  Nanjangud,  a  number  of  patches  of. 

High  Orade  Ores.  4      o       '  r 

ultrabasic  rock  have  been  found  which 
carry  veins,  lenses  and  segregated  patches  of  chromite.  Of 
these  the  most  important  is  a  narrow  strip  of  altered  dunite 
(Olivine  rock)  or  peridotite,  which  is  now  a  brownish  coloured 
serpentine,  running  north  and  south  for  a  couple  of  miles  near 
Shinduvalli  a  few  miles  east  of  Eadkola.  The  serpentine  lies 
in  gneiss  (which  is  considered  to  be  intrusive)  and  contains 
grains  of  chromite.  For  a  distance  of  a  mile  or  so  along  a 
line  near  the  middle  of  the  strip  a  number  of  small,  nearly  verti- 
cal, veins  of  solid  chromite  have  been  found  which  vary  from 
an  inch  to  a  foot  or  more  in  thickness.  Towards  the  southern 
end  ooe  vein  widened  out  to  a  lens  5  ft.  wide  and  below  this 
other  separate  lenses  were  found  to  a  depth  of  40  ft.  in  open 
workings.  Underground  work  is  now  in  progress  and  at  a 
depth  of  86  ft.  a  lens  or  vein  over  170  ft.  in  length  and  up  to 
9  ft.  in  width  has  been  opened  up  as  well  as  two  smaller  veins 
to  the  west  of  it.  The  ore  is  massive  and  of  good  quality  and 
the  lens  is  broken  into  slab-like  blocks  by  vertical  and  horizontal 
veins  of  magnesite  which  also  traverse  the  serpentine. 
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In  addition  to  the  ore  which  has  been  mined  from  the 
Shinduvalli  Block  a  large  quantity  of  pebbles  or  lamps  ol 
<^roniito  has  been  picked  up  on  the  surface  of  the  oltrabasic 
patches. 

In  considering  the  sale  or  nse  of  Mysore  ores  and  particu- 
larly in  regard  to  the  problem  of  con- 
^ijppiiM  !■  otiMT  c«aa.     centrating  the  low  grade  ores  we  must 

bear  in  mind  that  large  quantities  of  good 
ore  are  obtainable  from  other  countries  with  which  Mysore 
cannot  compare  as  regards  either  quantity  or  quality.  In 
Baluchistan  chromite  has  been  discovered  in  serpentine  asso- 
ciated with  basic  intrusives  of  cretaceous  age.  It  is  reported 
that  considerable  quantities  of  ore  can  be  obtained  much  of 
which  will  average  54  to  57  per  cent  of  CrsO^  and  most  of 
which  can  be  obtained  by  open  work  mining  at  moderate  cost. 
Little  precise  information  is,  however^  available.  Up  to  the 
present  the  output  has  been  small  as  it  has  to  be  carried  50 
miles  on  camels  to  a  railway ;  but  that  difficulty  can  be  re- 
moved by  extension  of  the  line  and  in  that  case  we  might 
expect  a  large  and  regular  supply  from  Baluchistan. 

New  Caledonia  has  been  for  many  years  the  chief  source 
of  high  grade  ores  averaging  about  55  per  cent  Cr^Os.  The 
ore  occurs  in  alluvial  or  surface  deposits  close  to  the  sea  and 
the  mining  and  f  .o.b.  costs  are  low.  There  is  some  reason  to 
believe  that  these  deposits  are  approaching  exhaustion,  but 
other  less  easily  worked  deposits  are  said  to  exist. 
(  In  Bhodesia  vast  areas  of  serpentinized  rocks  carry  quan- 
tities of  chromite  most  of  which  is  of  moderate  grade,  47  per 
cent  being  usually  quoted  for  shipment.  The  quantity  of 
high  grade  ore  is  not  very  large  though  much  larger  than 
in  Mysore  and  there  is  said  to  be  a  very  large  amount  of 
medium  to  low  grade  ore.  Here  again  large  quantities  can  be 
cheaply  mined  in  open  workings  though  this  is  ofibet  by  the 
long  railway  lead  to  a  port  (Beira  which  is  some  500  miles 
from  the  Salukwe  area). 

In  Qomparison  v^th  these  fields  the  high  grade  ores  of 
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Mysore  are  of  very  limited  extent  and  the  problem  of  concen- 
trating low  grade  ores  will,  we  fear,  be  a  doubtfal  proposition 
for  many  years  in  the  face  of  the  large  supplies  of  easily 
mined  high  grade  ore  obtainable  from  elsewhere. 

The  ore  from  Eadakola  area  is  of  good  quality  and  runs 

from  about   48   to    53   per   cent  CraOg. 

Composition  of  Ore.  mv  >  i  i  :a 

There  is  also  some  lower  grade  ore 
comparable  to  that  from  the  Nuggihalli  belt  near  Arsikere. 
The  latter  occurs  usually  in  altered  talcose  amphibolite  while 
the  better  class  ore  appears  to  be  confined  to  the  patches  of 
serpentinised  ultrabasic  rock  associated  with  magnesite. 

Table  15  gives  a  number  of  representative  analyses  of  the 
ores  kindly  supplied  by  licensees. 

Most  of  the  ore  has  been  obtained  hitherto  from  surface 

collections,  shallow  pits  and  open  work- 

Cost  and  value  of  Ore.  .i#j/x#.         r«, 

ings  down  to  a  depth  of  40  ft.  The  con- 
tract rates  vary  from  Bs.  2  to  5  per  ton  of  stacked  ore. 
With  the  adoption  of  underground  work  the  cost  of  the  ore 
will  increase  and  it  is  not  possible  to  say  what  it  will  be  in 
future.  Much  of  the  ore  has  been  sold  f.o.r.  Eadakola  at 
prices  ranging  from  Rs.  8  to  15  per  ton.  Export  has  been 
very  variable  and  home  market  values  have  appreciated  con- 
siderably during  the  past  few  years.  Table  16  shows  the 
quantities  despatched  and  sold  to  the  end  of  1914  and  the 
average  market  rates  in  England  for  50  per  cent  ore.  The 
rate  is  generally  subject  to  a  variation  of  2  shillings  to  2s.  dd. 
per  unit  of  CraOg  above  or  below  50  per  cent.  The  prices  are 
said  to  be  controlled  largely  by  an  international  combine  and 
the  market  is  far  from  being  an  open  one. 

The  greater  part  of  the  chrome  ore  production  is  used 

for  the  manufacture  of  chrome  salts  for 
dyeing  and  tanning.  A  considerable 
amount  is  used  for  the  manufacture  of  ferro-chrome  (alloy  of 
iron  and  chromium)  and  the  ore  itself,  either  in  lump  form  or 
crushed  and  pressed  into  bricks,  is  used  as  a  refractory  lining 
for  furnaces. 

M.R.M.  I 
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There  are  no  manufactures  of  chrome  products  in  My- 
sore and  it  is  difficult  to  say  if  there  is  any  resksonable  pro- 
spect of  their  being  established.  The  absence  of  cheap  supplies 
of  alkali  and  sulphuric  acid  is  a  bar  to  the  production  of  the 
salts  which  may  or  may  not  prove  insuperable.  The  produc- 
tion of  ferro-chrome  might  become  possible  as  an  accessory  to 
electric  steel  refining  as  already  pointed  out.  It  is  not  easy 
to  obtain  any  reliable  or  detailed  information  as  to  modern 
methods  and  costs  of  production.  Chrome  ore  was,  at  one 
time,  smelted  with  coke  in  small  blast  furnaces  giving  a  ferro- 
chrome  containing  some  40  per  cent  of  chromium  and  10  to 
12  per  cent  carbon.  With  special  blast  arrangements  a  60 
per  cent  ferro-chrome  has  been  produced  in  the  blast  furnace. 
At  the  present  time  it  is  made  entirely  in  electric  furnaces  of 
the  Heroult  or  Girod  type,  and  from  carefully  selected  ore  it  is 
not  a  difficult  matter  to  produce  a  60  per  cent  ferro-chrome 
containing  6  to  8  per  cent  carbon  which  is  worth  about  £20 
to  25  per  ton.  For  special  work  ferro-chrome  containing  up 
to  75  per  cent  chromium  and  1  to  2  per  cent  carbon  is  now  pro- 
duced and  is  worth  £60  to  70  per  ton.  We  cannot  however 
give  details  of  the  process.  Practically  pure  chromium  without 
carbon  is  produced  by  the  thermite  process  of  Goldschmidt  by 
igniting  a  mixture  of  pure  Cr203  and  aluminium  powder. 

Although  we  cannot  give  exact  details  the  following 
figures  are  probably  not  wide  of  the  mark  for  the  production 
of  an  ordinary  60  per  cent  ferro-chrome  with  6  to  8  per  cent 
carbon. 

Rs. 

2  tons  of  selected  ore  delivered  at  furnace 

atRs.  20                         ...                 ...  40 

Electric  energy  8,000  K.W.  Hours  at  02 

anna  per  unit                  ...                 ...  100 

Electrodes                ...                 ...                 ...  10 

Charcoal,  labour,  repairs  and  fixed  charges ...  40 

Total         ...  190 

M.R.M.  I  2 
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The  output  could  not  be  large  as  the  demand  for  ferro- 
chrome  is  not  great,  though  it  will  probably  increase.  It  must 
be  remembered  also  that  the  probable  supply  of  high  grade 
chrome  ore  in  Mysore  is  not  large  and  that  unless  it  was  found 
possible  to  concentrate  the  low  grade  ores  and  utilize  the  con- 
centrates the  total  duration  of  the  work  would  be  relatively 
short  and  the  amortization  charges  for  the  plant  would  be  cor- 
respondingly high.  For  these  reasons  it  would  be  necessary  to 
combine  the  work  with  other  electro-thermal  work  in  order  to 
keep  supervision  and  other  fixed  charges  down  to  a  reasonable 
limit.  Under  such  conditions  it  looks  as  though  ferro-chrome 
could  be  produced  at  a  cost  of  not  more  than  Rs.  200  per  ton 
and  if  the  price  is  Rs.  300  or  more  there  should  be  a  margin  of 
profit  after  paying  for  transport,  agency,  etc.  The  paramount 
influence  of  the  cost  of  electric  energy  is  shown  above  and  any 
material  increase  in  the  rate  would  render  the  work  prohibitive. 


Table  16 — Production  of  Chrome  Iron  Ore  in  My^re, 

during  the  years  19()7'1914, 


Year 


1907 
1906 
1909 
1910 
1911 
1912 
1918 
1914 


Total    ... 


Quantity 
Rold 


Tons 


862 
6,786 
3,633 

•  •  • 

830 


165 


11,175 


Calculated  value,  c.i.f.  ' 
English  Ports  I 


Per  ton 

60  per  ceut 

oasis 


Royalty 


Total  rupees' 


£..  8.  d. 

3  6    0 

3  0 

a  8 


0 
0 


2    7    6 


2  18    6 


Remarks 


42,02:) 
2,60,326 
1,13,940 


I      Rs   a.  p. 
I    323    4    0 
2,244  14 
;  1,869    6 


0 
0 


29,669     ,     311     4    0 


■  •  •     ■  • 

7,2:)9 

..... 
140    0   0* 

4,5),0DG 

4,858  12    0 

The  sale  value  iu 
Europe  as  fnven, 
is  estimated  ou  the 
prevailing  market 
value  for  chromite 
on  the  60  per  cent 
basis  at  each  quar- 
ter of  the  year. 
The  value  of  the 
ore  at  the  mines 
averages  about  Rs. 
12  per  ton  at  prp- 
sent. 

'The  ore  is  all  from 
the  Mysore  Dis- 
trict with  the  ex- 
ception of  a  10  ton 
sample  from  Arsi- 
kere  (Hassan  I>i.<s- 
trict). 
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Other  Metalliferoas 

Minerals  containing  copper,  silver,  lead,  zinc  and  anti- 
mony have  been  found  in  various  places,  but  the  quantities 
so  far  discovered  are  commercially  unimportant  and  may  be 
referred  to  very  bliefly. 

Copper-pyrites  and  cupriferous  iroti-pyrites  occur  sparing- 
ly in  quartz  veins  and  quartzites  and  in 
some  of  the  chloritic  schists  and  traps. 
In  a  few  places  these  minerals,  and  possibly  others,  have  been 
broken  up  by  weathering  and  circulation  of  water  to  shallow 
depths  and  from  the  solutions  so  formed,  copper  salts  have 
been  deposited  in  cracks,  fissures  or  porous  decomposed  rock 
in  the  zone  of  weathering  which  may  extend  to  a  depth  of  50 
to  100  feet  from  surface.  These  salts  are  the  green  carbo- 
nate malachite,  the  blue  hydrous  sulphate  chalcanthite,  com- 
monly known  as  Blue  Vitriol  and  sometimes  various  silicates 
of  copper  appear  to  be  present.  At  Ingaladhal,  5  miles  south- 
east of  Chitaldrug,  there  are  some  old  workings  in  the  side 
and  top  of  a  small  hill  from  which  fibrous  specimens  of  chal- 
canthite  can  still  be  obtained  in  the  form  of  incrustations  or 
small  veins  in  a  decomposed  gritty  schist  which  is  probably 
an  alteration  of  the  gray  trap  of  Chitaldrug.  The  mineral 
was  doubtless  more  abundant  in  the  patches  excavated  by  the 
ancients  but  at  present  very  little  remains  and  prospecting 
work  has  failed  to  disclose  anything  of  the  nature  of  a  body 
of  copper  ore.  It  is  probable  that  the  mineral  which  now 
occurs  in  the  walls  of  the  old  tunnels  is  of  comparatively  re- 
cent formation  and  is  formed  by  the  oxidation  and  leaching 
of  traces  of  copper  sulphides  from  the  mass  of  the  rock. 

Malachite  has  been  found  in  tufts  of  slender  acicular 
prisms  in  a  thin  vein  in  quartzite  near  Eaidall,  10  miles  south 
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of  Davangere,  Chitaldrug  District.  A  surface  sample  gave 
17*5  per  cent  copper,  but  some  prospecting  pits  showed  that 
the  ore  did  not  extend  more  than  a  few  feet  in  any  direction. 

Copper  carbonate  occurs  in  the  quartzite  conglomerates 
to  the  north  and  north-east  of  Chikmagalur  in  the  Eadui 
District,  but  a  large  number  of  samples  showed  that  the  copper 
never  amounted  to  more  than  a  heavy  trace. 

Traces  of  copper  carbonate  have  been  found  at  Kolur,  3J 
miles  east  of  Maddur,  Bangalore  District.  In  the  Nanjangud 
Taluk,  IJ  miles  S.  S.  E.  of  Biligere,  pieces  of  green  copper  ore 
were  found  in  the  soil  and  some  pits  have  been  sunk  to  a  depth 
of  40  feet  under  a  prospecting  license.  The  rock  is  a  steeply 
dipping  decomposed  gneiss  with  an  interbanded  dolerite  dyke 
of  a  few  yards  in  width.  The  latter  is  considerably  decom- 
posed and  shows  strings  and  patches  strongly  impregnated 
with  carbonate  of  copper.  A  piece  of  the  gneiss  (0/980)  gave 
0'25  per  cent  copper.  A  greenish  grey  sample  (0/981)  which 
may  be  a  bleached  portion  of  the  dyke  or  some  other  trap 
gave  9  per  cent  Cu.  and  a  dark  brown  ferruginous  ore  con- 
taining green  carbonate  and  red  oxide  gave  24*32  per  cent  Cu. 
with  18  dwts.  15  grs.  of  silver.  Sufficient  work  has  not  been 
done  yet  to  enable  one  to  judge  whether  any  body  of  ore 
exists  or  which  particular  type  of  rock  in  this  complex  was 
the  original  home  of  the  copper  salts  which  now  impregnate 
the  various  materials. 

There  are  traditional  rumours  of  silver  having  been  found 

in  Mysore  and  names  like  Bellibetta  (Sil- 

Sllver.  "^ 

ver  Hill)  are  supposed  to  record  such 
occurrences  though  no  trace  of  silver  ore  is  now  to  be  found. 
Borne  small  quantities  of  argentiferous  galena,  containing  up 
to  130  ozs.  of  silver  to  the  ton,  have  been  found  and  are  men- 
tioned below  under  lead.  It  may  not  be  generally  known 
that  the  ore  of  the  Kolar  Gold  Field  contains  silver  which  is 
recovered  with  the  bar  gold  and  afterwards  separated  during 
the  final  refining  process.  The  bar  gold  contains  from  about 
5}  per  cent  to  9^  per  cent  of  silver,  the  average  being  about 
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7*85  per  cent.  An  estimate  based  on  the  gold  returns  shows 
that  up  to  the  end  of  1914  the  Kolar  Field  has  produced 
about  8,84,532  ozs.  of  fine  silver  valued  at  18  lakhs  of  rupees. 
The  annual  production  based  on  the  figures,  of  1913  is  now 
about  44,500  ozs.  valued  at  Rs.  82,000. 

A  small  quantity  of  argentiferous  galena  (lead  sulphide) 

was  discovered  by  Mr.  Sambasiva  Iyer 
about  a  mile  S.  B.  of  the  village  of 
Eurubarmardikere  in  the  Chitaldrug  Taluk.  The  ore  occurs 
in  small  stringers  from  f  to  IJ  inches  thick  in  gritty  calc- 
chlorite  schists  which  are  probably  alterations  of  the  gray 
trap.  There  are  only  a  few  short  stringers  and  some  pits  failed 
to  reveal  any  tendency  to  increase  in  size  or  number.  The 
clean  ore  assayed  134'65  ozs,  of  silver  and  72  29  per  cent  of 
lead,  but  the  quantity  is  very  limited  and  the  expense  of 
extraction  would  be  too  high  to  permit  of  profitable  working. 

In  a  few  places  a  little  galena  has  been  noticed  in  quartz 
reefs,  for  instance : — just  west  of  the  ghat  section  on  the  road 
to  Hiri3nir  close  to  Chitaldrug  town ;  on  the  east  slope  of 
Nisanigudda,  near  Nakikere,  Hiriyur  Taluk ;  and  to  the  north- 
west of  Arothekoppal  in  the  Tirumakudlu-Narsipur  Taluk. 
It  is  also  found  sometimes  in  the  gold  quartz  of  the  Kolar 
Field  and  in  other  places  where  gold  mining  has  been  tried, 
but  in  none  of  these  cases  has  any  noteworthy  body  of  ore  been 
disclosed. 

The  mineral  Blende   (sulphide  of  zinc)  has   been  found 

in  the   Kolar   Mines   and   in   some   old 

Zinc. 

workings  such  as  those  at  Bukkambudi 
in  the  Tarikere  Taluk  but  only  in  comparatively  small  quan- 
tity. At  Bukkambudi  the  talc-chlorite  schists  in  the  neigh- 
bourhood of  the  old  working  have  mineralized  streaks  or 
bands  containing  finely  divided  sulphurets,  such  as  galena, 
blende  and  iron  pyrites,  but  the  proportion  of  these  is  small 
and  the  mineralized  zones  of  no  great  extent.  In  the  old 
workings  a  few  more  highly  mineralized  bands  occur  in 
which  the  total  concentrates  would  not  average  more  than 
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about  one  per  cent  of  the  rock.  The  low  grade  and  the 
complex  character  of  the  concentrates  preclude  any  reason- 
able prospects  of  working  even  if  the  mineralized  zones 
were  of  large  extent  and  this  does  not  appear  to  be  the 
case.  It  has  been  suggested  that  richer  patches  existed  and 
were  worked  by  the  ancients  for  silver,  lead  and  zinc,  but 
it  is  more  than  doubtful  if  they  could  have  treated  such  a 
complex  mixture  which  would  be  a  difficult  proposition 
even  under  modern  conditions.  The  rock  is  veined  with 
quartz  and  carries  a  little  gold  and  it  is  more  probable  that 
the  old  workings  were  excavated  on  scnne  patches  or  lenses 
carrying  fairly  rich  free  gold. 

The  existence  of  small  quantities   of  Antimony  ore,  in 

the  Ghitaldrug  District,  has  been  known 

Aatlmoay.  , 

for  many  years  and  in  1888  some  sam- 
ples of  stibnite  are  said  to  have  been  collected  by  Mr. 
Mervyn  Smith  and  sent  to  the  Mysore  Exhibition.  In  1899 
Mr.  Sambasiva  Iyer  during  the  course  of  survey  found 
some  specimens  of  antimony  ochre  (cervantite)  in  the  same 
locality  but  only  in  small  quantities.  More  than  one  pro- 
specting license  has  been  taken  out  since  and  a  large  number 
of  pits  sunk  in  the  search  for  both  gold  and  antimony  but 
without  any  satisfactory  results.  Loose  blocks  of  a  quart- 
zose  rock  containing  stibnite  and  cervantite  were  found, 
but  neither  the  amount  nor  the  grade  of  the  ore  was 
sufficient  to  justify  further  work. 

Before  the  war  the  price  of  antimony  ore  in  England 
varied  from  £6-10-0  to  Jt'lO  per  ton,  but  during  1916  the 
price  rose  very  considerably  to  10  shillings  per  unit  or 
about  j£25  per  ton  for  50  per  cent  ore  and  a  quotation  for 
delivery  in  Bombay  went  as  high  even  as  Bs.  8  per  unit. 
These  prices  were  therefore  three  or  four  times  the  normal 
price  and  Mr.  J.  Burr  of  Bangalore  took  out  a  license  in  the 
hopes  that  under  these  favourable  conditions  the  available 
ore  might  be  mined  and  sold  at  a  profit.  Prospecting  work 
has  shown  that  the  ore  occurs  in    veins  and  patches  in   a 
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qaartzose  rock  in  the  chloritic  schists.  Veins  of  a  coupld 
of  inches  in  thickness  have  been  located  with  wider  bulges 
or  lenses-  up  to  a  foot  or  so  in  thickness.  The  ore  is  mainly 
stibnite  (sulphide  of  antimony)  altering  to  cervantite 
(oxide  of  antimony).  Much  picking  and  dressing  is 
required  to  obtain  ore  of  moderately  good  grade  and  so  far 
the  proportion  of  dressed  ore  has  not  exceeded  about  1  per 
cent  of  the  rock  excavated. 

The  following    Table    shows    the    analyses    of   dressed 
samples  of  the  ore : — 

Table  17 — Analyses  of  antimony  ores. 


No. 

1 

2 
4230 

3 

4 

5 

6 

SiO, 

41*81 

•  •  • 

6362 

41-60 

r 

( 
i 

i 

Sb.S, 

... 

5310 

•   ■  • 

... 

167 

1 

1 

8b.O, 

... 

•    ■   • 

•  •  • 

43*60 

4806 

Sb  (total) 

38'86 

(3770) 

4800 

(34-4  ) 

(37-00) 

4000 

a             ...                  ... 

13'61 

•  •  • 

•  •  • 

060 

... 

FoiOs  and  AlA  ... 

256 

100 

•   •  • 

192 

2-45 

SnO. 

•  a  . 

nil 

•  •  • 

... 

360 

PbO 

trace 

nil 

•  •  • 

trace 

044 

i\,8          ...                  ... 

nil 

nil 

•  •  • 

nil 

nil 

Zn 

•  •  • 

nil 

•   •  • 

... 

nil 

GaO,  MgO,  etc.    ... 

•   •   • 

360 

•  •   • 

... 

2-28 

In  these  analyses  of  the  dressed  ore,  which  have  been 
kindly  furnished  by  the  licensee,  Nos.  1,  2  and  3  are  sul- 
phide ores  and  Nos.  4,  5  and  6  are  oxide  ores.  Nos.  3  and 
6  have  evidently  been  dressed  rather  more  carefully,  but  on 
an  average  the  sulphide  ore  is  not  likely  to  exceed  38  per 
cent  antimony  and  the  oxide  ore  35  per  cent  antimony  in 
dressed  bulk  samples.  If  some  of  the  dressed  ore  can  be 
sold  so  as  to  cover  expenses,  it  will  be  worth  while  doing 
some  further  work  on  the  chance  of  striking  some  richer 
material,  but  it  is  evident  that  even  at  the  high  prices  now 
ruling    the    proposition    is    hardly   likely    to    pay   unless   a 
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marked  improvement  takes  place.  If  we  take  the  high 
quotation  of  Bs.  8  per  unit  at  Bombay  for  38  per  cent  ore 
the  ore  would  be  worth  Bs.  304  per  ton  and  this  has  to 
cover  the  cost  of  bagging  and  transport  amounting  to  at 
about  Bs.  34  and  leaving  Bs.  270  to  cover  cost  of  mining, 
dressing  and  sundries.  If,  as  is  reported,  it  takes  100  tons 
of  rock  to  yield  1  ton  ore  we  have  only  Bs.  2-12-0  per  ton 
to  cover  these  charges  and  it  is  rather  questionable  if  there 
would  be  any  balance  for  profit.  If  then  the  question  of 
making  a  profit  is  a  doubtful  one  when  the  ore  fetches 
Bs.  300  or  so  at  Bombay,  the  proposition  would  certainly 
not  be  attractive  in  normal  times  when  the  ore  would  fetch 
only  Bs.  100  or  less  and  this  accounts  for  the  fact  that  it 
has  been  left  alone  for  so  many  years.  The  grade  of  the 
ore  body  would  have  to  improve  considerably  before  work 
under  normal  conditions  could  be  seriously  entertained. 

The  high  prices  now  ruling  may  make  it  possible  to 
collect  the  float  ore  and  to  do  certain  amount  of  excavation, 
sorting  and  dressing  and  to  recover  most  or  all  of  the 
expenditure  with  the  chance  that  the  work  so  done  may 
disclose  some  more  valuable  ore  bodies. 
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II.  mineraU  used  In  Various  lnau$trle$. 


(a)  Abrasive  Materials. 

The  abrasive  materials  available  in  the  State  are  the 
minerals  corundum  and  garnet  and  certain  varieties  of  rock 
used  for  the  preparation  of  mill-stones,  whetstones,  etc. 

CORUNDUM. 

The  mineral  corundum  consists  of  oxide  of  aluminium 
(AI.2  O3).  It  occurs  in  hexagonal  crystals  usually  in  double- 
ended  pyramids  the  faces  of  which  are  often  curved  and  give 
the  crystals  the  shape  of  an  elongated  barrel. 

In  colour  it  varies  from  ruby  red  through  various  shades 
of  brown,  blue,  green  and  white  and  usually  contains  various 
impurities  such  as  the  oxides  of  iron  and  chromium  and  mica, 
pinite  and  other  silicates.  Crystals  or  grains  are  frequently 
surrounded  with  a  micaceous  shell  or  with  pinite-like  materi* 
al  or  green  to  black  spinel.  When  pure  and  clear  the  red 
varieties  are  known  as  rubies  and  the  blue  as  sapphires. 
These  clear  gem  varieties  are  practically  unknown  in  Mysore. 

Emery  is  a  dark  opaque  corundum  containing  much 
oxide  of  iron.  It  is  obtained  chiefly  from  Greece  and  Turkey 
but  does  not  occur  in  Mysore. 

Corundum  of  various  grades  and  colours  is  widely  distri- 
buted in  Mysore  and  the  principal  locali- 
ties  are  shown  on  the  enclosed  map.  They 
may  be  grouped  as  follows : — 

In  the  Sringeri  Jaghir  small  quantities  of  good  ruby 
corundum  occur.  Occasional  large  crystals  of  brown  corund- 
um have  been  found  further  south  in  the  ghat  country. 

A  number  of  deposits  are  found  to  the  west  and  south- 
west of  Arsikere. 
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On  the  eastern  side  of  the  State  there  are  several  comn- 
dam  bearing  areas  in  the  Pavagada  Taluk. 

A  large  and  important  series  of  deposits  occur  in  the 
Maddagiri  and  Goribidnur  Taluks  and  another  group  round 
about  Mandya. 

Several  groups  occur  in  the  Hunsur  and  Heggaddevan- 
kote  Taluks  of  the  Mysore  District. 

The  mode  of  occurrence  and  mineral   associations   of  the 

Indian   corundums  have  been  described  by 

Holland  in  Part  I  of  the  Manual   of  the 

Geology  of  India.     A  description  of  a  number  of  the  Mysore 

types  and  localities  will  be  found  in  a  paper  by  B.  Jayaram  in 

Part  II  of  Records,  Volume  XV.,  published  by  this  Department. 

Most  of  the  corundum  obtained  in  Mysore  is  in  the  form 
of  loose  grains  and  crystals  picked  up  in  the  surface  soil. 
These  have  been  set  free  from  the  rocks  in  which  they 
occurred  originally  by  the  decomposition  of  the  rock  masses 
under  ordinary  weathering  influences  and,  along  with  some 
of  the  other  harder  and  more  resistant  minerals,  they  are 
found  in  the  residual  mantle  of  soil.  Considerable  quantities 
of  this  loose  corundum  have  doubtless  been  removed  in  past 
times.  In  more  recent  years  the  quantities  obtained  and  ex- 
ported are  shown  in  Table  18  and  in  recent  years  the  produc- 
tion has  been  between  2,000  and  4,000  cwts.  a  year.  It  is 
probable  that  the  supply,  at  any  rate  of  the  better  classes,  is 
now  less  abundant  or  less  easily  obtainable  than  formerly. 

In  many  places  the  mineral  has  now  been  found  in  sitti 
in  both  decomposed  and  hard  rock. 

A  comparatively  small  proportion  of  the  output  has  been 
obtained  by  excavating  the  soft  decomposed  rock  and  pound- 
ing it  with  wooden  mallets  or  tilt  hammers.  The  harder 
corundum  is  then  separated  by  sieving  and  picking,  but  the 
resulting  product  usually  contains  much  adherent  impurity 
which  may  amount  to  30  or  40  per  cent.  Up  to  the  present 
no  attempt  has  been  made  to  work  the  hard  rock. 

The  corundum  occurs  in  veins  or  bands  of  pegmatite, 
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syenite  or  granite  which  traverse  the  older  gneisses.  In  many 
cases  it  appears  to  be  an  original  constituent  of  such  veins, 
but  it  is  noticeable  that  in  the  majority  of  cases  the  gneiss 
contains  included  bands  and  patches  of  basic  Dharwar  rocks, 
such  as  hornblende  and  mica  schist,  hornblende  and  pyroxene 
granulites,  pyroxenite  and  amphibolite  and  that  the  corundum- 
bearing  veins  are  frequently  associated,  or  in  contact,  with  such 
patches  and  often  entirely  enclosed  within  some  df  the  larger 
ones.  In  some  cases  there  is  evidence  of  segregation  or  en- 
richment near  the  contacts  which  is  suggestive  of  mutual 
reaction  and  sometimes  the  corundum  is  within  the  basic 
rock,  but  in  many  other  cases  the  corundum  has  all  the  ap- 
pearance of  a  primary  constituent  of  the  acid  vein. 

It  is  difficult  to  ascertain  the  value  of  the  mineral  with 

any  degree  of  accuracy.     Licenses  for  col- 
*"*'  lection   are  granted   over   large  areas,  the 

usual  area  being  a  taluk.  The  licensee  pays  the  villagers  for 
amounts  collected  by  them  from  time  to  time  and  a  certain 
amount  of  sorting  and  selection  is  done  before  the  material  is 
despatched  to  Madras.  The  cost  of  collection  has  tended  to 
rise  recently  owing  to  a  general  rise  in  wages  and  the  lessened 
abundance  of  material ;  on  the  average  the  cost  of  collection 
is  now  probably  some  Rs.  60  to  80  per  ton.  The  ruby 
varieties  are  the  most  valuable  and  from  Bs.  300  to  500  per 
ton  has  sometimes  been  offered  in  Madras  for  good  grades. 
The  amount  obtainable  is  however  small.  The  better  classes 
of  pink,  brown  and  grey  corundum  may  be  worth  from  100 
to  250  rupees  in  Madras  and  other  varieties  90  to  100  rupees. 
There  is  a  large  quantity  of  rather  dull  white  to  greenish 
corundum  which  is  of  little  or  no  value  and  is  distinctly  softer 
than  the  better  classes.  It  is  probably  a  mixture  of  hydrous 
and  anhydrous  oxides  and  considerable  quantities  have  been 
found  in  corundum-bearing  rocks  near  Arsikere  in  the  Hassan 
District  and  near  Sargur  in  the  Mysore  District. 

The  pink  to  amethyst  coloured   corundum   which  was 
extracted  from  veins  of  decomposed  rock  near  Kamasandra  in 
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the  Bowringpet  Taluk  is  stated  to  have  been  worth  250  to 
270  rupees  at  Madras  and  the  product  was  far  from  clean 
mineral.  Down  to  water  level  the  cost  of  extraction  was 
about  Rs.  150  to  200  per  ton. 

Various  namples  which  have  been  sent  to  England  have 
been  valued  at  from  .4*8  to  £80  per  ton. 

In  Canada  large  quantities  of  corundum-bearing  rock  are 
mined,  crushed  and  the  clean  mineral  extracted.  The  annual 
production  is  about  2,000  tons  and  the  average  value  £22 
per  ton.  There  the  veins  or  bands,  many  of  which  consist  of 
nepheline  syenite,  are  of  large  dimensions  and  permit  of  cheap 
open  quarrying  on  a  large  scale.  As  the  output  is  consider- 
able the  mining  and  dressing  charges  are  comparatively  low 
and  rock  containing  only  from  5  to  10  per  cent  of  corundum 
is  treated.  In  recent  years  the  average  grade  has  approached 
6  per  cent. 

For  the   preparation  of   clean   corundum   the  rock  or 

mineral    is   put   through    breakers    and 

Treatment.  ,  _  ■•    i     •    . 

crushers  and  graded  mto  various  sizes 
by   means   of   screens. 

The  coarser  sizes  are  then  treated  in  jigs  and  the  finer 
materials  on  various  types  of  shaking  tables. 

The  middlings  or  mixed  materials  from  the  jigs  are 
crushed  finer  and  retreated  with  the  recovery  of  further 
corundum.  In  some  cases  a  final  treatment  with  magnetic 
separators  is  necessary  to  remove  heavy  magnetic  minerals 
which  come  through  the  process  with  the  corundum. 

The  amount  of  machinery  required  is  considerable  and  the 
question  of  mining  and  dressing  costs  is  largely  one  of  quantity. 

It  would  no  doubt  be  very  desirable  to  crush  and  dress 
the  Mysore  corundum  locally  and  to  export  clean  and  care- 
fully graded  products  instead  of  raw  unclean  mineral,  but  the 
quantities  produced  at  various  centres  are  probably  much  too 
small  to  warrant  the  expense  of  the  plant  and  supervision. 
Even  the  total  output  from  the  State  is  small  for  any  modern 
treatment  plant. 
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As  most  of  the  comndam  has  to  pass  through  Bangalore 
on  its  way  to  Madras,  it  might  be  feasible  to  put  up  a  single 
treatment  plant  at  Bangalore  and  purchase  the  whole  output 
of  the  State.  A  better  market  for  the  finished  and  graded 
product  might  be  obtained  and  the  development  of  the  output 
would  very  likely  be  encouraged  by  a  regular  demand. 

This  applies  to  the  output  of  loose  corundum  crystals, 
but  the  plant  would  afford  opportunity  for  experimental  test- 
ing of  some  of  the  corundum-bearing  rocks  of  the  State.  If 
some  of  these  proved  promising,  further  prospecting  would  be 
encouraged  and  some  sufficiently  large  deposit  might  be  found 
to  warrant  the  erection  of  a  plant  or  partial  plant  at  the  mine 
for  the  rough  treatment  of  the  rock. 

The  prospects  are  very  problematical  and  various  samples 
have  been  obtained  and  sent  to  America  for  trial  and  opinion. 
It  must  be  remembered  also  that  artificial  abrasives  such  as 
carborundum,  alundum,  etc.,  are  yearly  becoming  more 
serious  competitors,  and  it  is  probable  that  carborundum 
can  be  produced  for  .i*27  or  less  a  ton  and  will  be  preferred  to 
corundum  for  most  purposes. 

Table  18 — Production  of  corundum  in  Mysore  and  the  royalty 
realized  thereon  during  the  years  1900  to  1914. 


Year 


i       Qnaiitity 
j       exported 


Average  value 
at  the  mine 


Royalty 


Cwts. 

Rs 

Rb. 

1900 

>•            •« •            •  •  • 

1,602 

4,806 

238 

1901 

1,490 

4,470 

261 

1902 

171 

613 

67 

1903 

t 

■  •  • 

•  • « 

•  ■  • 

19(H 

« « • 

•  ■  • 

■ «  • 

1905 

1,299 

3,897 

686 

1906 

2,064 

8.266 

1,088 

1907 

1,086 

4,344 

669 

1908 

124 

496 

66 

1909 

486 

1,744 

229 

1910 

2,162 

8,608 

1,134 

1911 

2,606 

12.626 

1,020 

1912 

2,926 

14,630 

1,622 

1913 

!      4,160 

20,760 

2,179 

1914 

1,604 

8,020 

846 

1 

:otal 

21,609 

93,069 

9,892 
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GARNET. 


The  garnets  are  a  series  of  complex  silicates  containing 
two  or  more  of  the  metals  aluminium,  iron,  calcium,  magne- 
sium, manganese  and  chromium.  They  occur  in  rounded 
crystals  and  grains  and  are  very  variable  in  colour,  the  com- 
monest colour  being  pink,  red  or  brown. 

In  Mysore  red  to  brown  garnets  occur  in   a  variety  of 

rocks  in  many  places  of  which  the  follow- 
mg  may  be  mentioned. 

Tn  the  Shinioga  District  they  occur  plentifully  in  mica 
schists  lying  in  the  gneiss  between  Agumbe  and  Eoppa. 

In  the  Kadur  District  near  Sampigekan  and  Durgadhalli 
in  hornblende  schist  and  gneiss. 

In  the  Hassan  District  near  Yennehole  Banganbetta 
(Hole-Narsipur) ;  near  Bherya  (Yedatore)  where  dull  coloured 
and  flawed  crystals  up  to  3  inches  in  diameter  are  found ;  in 
the  Manjarabad  Taluk  along  the  Kemphole  and  Adhalla 
streams  and  at  Balekal,  Eagneri,  Murkangudda  and  Maran- 
halli  in  some  of  which  places  very  large  quantities  of  loose 
garnets  can  be  obtained  which  have  been  weathered  out  of  the 
homblendic  schists  and  gneiss.  Most  of  these  are  small  and 
some  are  clear  and  transparent. 

In  the  Bangalore  District  pink  garnets  occur  in  pegmatite 
near  Salhunse  and  small  clear  crystals  and  pebbles  at 
Maralwadi  in  tlie  Kankanhalli  Taluk. 

In  the  Kolar  District  there  is  a  good  deal  of  garnet  sand 
in  the  streams  near  the  corundum  pits  near  Eamsandra. 

In  the  Heggaddevankote  Taluk  of  the  Mysore  District 
garnets  occur  freely  in  Kyanite  schist  and  gneiss  and  loose 
pieces  and  fragments  about  ^  inch  in  diameter  can  be  washed 
from  the  surface  soil.  In  addition  to  the  above  the  mineral 
often  occurs  as  a  minor  constituent  in  a  variety  of  rocks. 

The  larger  clear  varieties  are  used   as  gem  stones.     The 

Mysore  minerals  are  not  sufficiently  large 

***'  for  the  purpose  when  clear  and  of  good 

colour,  or  vvh^^n  large  they  are  dull  in  colour  QV  much  flawed 
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and  it  has  not  been  found  possible  to  find  a  market  for  the 
stones.  In  several  of  the  States  of  Bajputana  a  purple 
coloured  garnet,  belonging  to  the  variety  Almandite  (iron- 
alumina  garnet) ,  is  worked  as  a  gem  stone.  The  average 
yearly  production  for  India  from  1909-1913  is  reported  to  be 
298  cwts.  valued  at  £17920.  The  average  value  in  different 
localities  varies  from  about  Bs.  30  to  Bs.  150  per  cwt. 

There  is  a  limited  demand  for  garnet  as  an  abrasive 
material,  mostly  for  use  in  the  leather  and  wood  trades.  The 
chief  market  is  in  the  United  States  where  the  total  consump- 
tion is  some  4,000  to  5,000  tons  per  annum  almost  the  whole 
of  which  comes  from  the  Adirondack  region  of  New  York. 
The  average  value  of  the  cleaned  and  graded  mineral  is  about 
Bs.  90  per  ton  and  about  Bs.  105  for  the  best  grade  of  crystal. 
The  Adirondack  mineral  is  said  to  be  of  the  Almandite 
variety  and  to  be  somewhat  harder  than  usual.  Its  chief 
value  depends  on  the  possession  of  a  fairly  well  defined  cleav- 
age or  parting  which  causes  the  mineral  to  break  up  into  flat 
plates  with  sharp  edges  which  tend  to  renew  themselves  by 
fracture  during  use.  More  usually  garnet  tends  to  break  with 
a  rough  or  conchoidal  fracture  and  to  wear  round  at  the 
edges  and  such  minerals  have  comparatively  little  value.  For 
the  same  reason  the  fine  rounded  grains  which  occur  abund- 
antly in  many  streams  have  little  value.  Several  tons  of  such 
material  have  been  collected  at  Kamsandra  which  cannot  be 
disposed  of. 

V  Various  samples  of  Mysore  garnets  have  been  sent  to 
England  for  valuation  and  in  the  majority  of  cases  are  report- 
ed to  be  of  little  or  no  value. 

A  large  sample  collected  and  washed  from  the  Heggad- 
devankote  Taluk  was  valued  at  .£4  per  ton,  but  as  the  cost  of 
collection  was  considerably  higher  than  this  figure  the  licensee 
abandoned  the  work. 

Garnets  obtained  from  the  Manjarabad  Taluk  under  a 


(^)  Records  of  the  Geological  Survey  of  India,  Vol.  XL VI,  Page  271. 
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prospecting  license  are  reported  to  have  been  valaed  at  from 
Bs.  45  to  Bs.  90  per  ton  in  England,  but  as  no  further  progress 
has  been  made  it  is  probable  that  the  work  was  not  considered 
to  be  remunerative.  It  is  very  doubtful  if  there  is  any  large 
demand  for  garnet  for  abrasive  purposes  outside  the  United 
States  and  it  is  very  doubtful  if  the  Mysore  mineral  would 
pay  to  extract,  grade  and  put  on  the  market  in  small  quantities 
at  current  prices. 

In  recent  years  there  has  been  a  small  output  from  Spain 
which,  it  is  believed,  can  be  produced  at  considerably  less  than 
the  American  figures  quoted  above. 

MILL   STONES. 

From  several  places  in  the  Honnali  Taluk,  notably  from 
Beesokalmatti — a  hill  north  of  Chik  Gonigere — and  from  a  hill 
north-west  of  Hosakoppa,  large  blocks  of  gritty  schist  are 
quarried  and  made  into  flat  circular  mill  stones  for  grinding 
food  stuffs  and  some  of  the  finer  grained  varieties  are  used 
for  whetstones.  Larger  blocks  of  tough  calcite-chlorite  trap 
are  made  into  rollers  for  mortar  mills  near  Basavapatna  in 
the  Channagiri  Taluk.  The  work  is  carried  on  by  the 
woddars  of  the  Shimoga  District  and  there  is  said  to  be  a 
good  demand  for  the  stones  in  the  Chitaldrug,  Tumkur  and 
Hassan  Districts.  In  a  Departmental  report  made  in  1901  it 
was  estimated  that  about  1,200  tons  of  stone,  valued  at 
Bs.  5,400,  was  used  during  the  year  in  the  Honnali  Taluk. 
In  the  Hassan  District  certain  varieties  of  potstone  are  stated 
to  be  used  for  mill  stones  and  in  Bangalore  mill  stones,  road 
rollers  and  stones  for  mortar  mills  are  made  from  selected 
portions  of  the  granite  and  gneiss.  In  all  these  cases  the 
materials  are  used  to  supply  certain  local  demands,  but  none 
of  them  appear  to  possess  any  particular  merits  for  high  class 
grinding  work  and  their  use  is  chiefly  a  matter  of  local 
convenience. 
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(b)  Refractory  Materials. 

Mica. 

The  micas  are  essentially  silicates  of  alumina  and  potash 
^^     _^       ^  sometimes  containing  also  magnesia,  fluo- 

Character  and  ases.  ^  o  ' 

rine,  lithia  or  soda.  They  are  transparent 
flexible  minerals  occurring  as  flakes,  sheets  or  thicker  "  books  " 
and  are  capable  of  being  split  into  indefinitely  thin  sheets 
owing  to  a  very  highly  perfect  cleavage.  In  colour  they  vary 
from  white  to  red,  brown  and  black. 

The  principal  varieties  are : — 

Muscovite. — White  to  reddish  brown ; 
Phhgopite. — Reddish  or  ** amber"  mica; 
Biotite, — Black. 

The  two  former  are  of  commercial  importance  and  re- 
present the  materials  exported  from  India.  The  mica  found 
in  Mysore  is  muscovite  which  is  usually  dark  coloured  in 
thick  books  and  light  reddish  brown  in  thin  sheets. 

Owing  to  its  flexibility,  transparency  and  infusibility  it  is 
used  for  lamp  chimneys,  stove  doors,  etc.  Its  chief  use  is 
however  as  an  insulator  for  the  manufacture  of  electrical 
machinery  for  which  purpose  it  is  necessary  that  it  should  be 
free  from  inclusions,  spots  and  flaws. 

The  larger  books  are  split  to  about  the  thickness  of  card- 
board and  the  rough  edges  and  flaws  trimmed  off  with  shears 
so  as  to  give  clean  sound  squares  or  rectangles  with  sides 
from  one  to  two  inches  long  up  to  several  inches  in  length. 
Occasionally  pieces  over  one  foot  square  are  obtained.  The 
smaller  pieces  of  irregular  shape  are  trimmed  to  various  round 
or  oval  shapes  which  are  eventually  split  into  very  thin 
laminsB  and  cemented  together  with  shellac  to  form  large 
sheets  known  as  "  micanite.''     This  artificial  micanite  yields 

M.B.M.  K  2 
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a  fairly  good  insulating  material  in  lieu  of  large  cat  sheets, 
which  are  scarce  and  expensive,  and  has  permitted  the  utiliza- 
tion of  large  quantities  of  scrap  mica  from  the  waste  damps  of 
mines. 

Some  of  the  scrap  mica  produced  by  trimming  and  cot- 
ting  of  sheets  is  now  finely  ground  and  finds  some  sale  for 
boiler  and  pipe  lagging,  fire  proofing,  lubricants,  wall  paper 
and  paints. 

The  micas  occur  in  small  flakes  in  many  rocks  chiefly 

those  of  a  granitic  or  gneissic  character. 

Occurrtnce.  ,       ,         •  •   i         i 

The  larger  books  of  commercial  value  are 
practically  confined  to  large  veins  of  coarse  pegmatite  which 
traverse  or  are  asssociated  with  intrusions  of  granite  and  gneiss. 
In  India  the  veins  usually  traverse  mica  schists  or  schis- 
tose gneisses,  while  in  Mysore  they  are  mostly  in  granitic 
gneiss.  India  is  one  of  the  most  important  mica  producing 
countries  of  the  world  the  chief  centres  of  production  being 
Behar  and  Orissa  and  Nellore. 

In  Mysore  books  of  mica,  up  to  7  or  8  inches  in  diametert 
have  been  found  in  several  places,  but  the  distribution  is  very 
erratic  and  much  of  the  material  is  flawed  or  spotty  and  of 
rather  low  quality.  The  principal  localities  are  the  fol- 
lowing : — 

Hassan  District. — The  Kabbur  Block  (P.  L.  350)  near 
the  30th  mile  on  the  Yedatore-Hole-Narsipur  road.  At  Sita- 
pur  hill,  6  miles  S.  W.  of  Hole-Narsipur. 

Mysore  District — At  Mundoor,  3  miles  north  of  Saligram 
(P.  L.  346.) 

Two  furlongs  E.  of  Undivadi,  near  Kannambadi. 

South  of  the  16th  mile  on  the  Kannambadi  Boad. 

Near  Vadesamudra — 7  miles  N.  E.  of  French  Bocks.  (P. 
L.  436.) 

Near  Tagadur — 7  miles  E.  of  Nanjangud  (P.  Ls.  408 
and  409.) 

Sringeri  Jahgir, — Near  Kikri — It  is  reported  that 
23,568   lbs.   of  plates,  rounds  and  splittings  were  obtained 
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OaUrat. 


from  about  180,000  lbs.  of  undressed  mica,  but  not  sold  yet. 
Work  has  been  abandoned  for  sometime. 

Attempts  have  been  made,  from  time  to  time,  to  work 

some  of  these  deposits  and  repeatedly  aban- 
doned owing  to  the  irregular  distribution 
of  the  mineral  and  the  small  quantity  of  saleable  mica 
obtainable.  It  is  probable  that  the  amount  of  saleable  mica 
recovered  does  not  exceed  10  per  cent  of  the  total  amount 
extracted. 

Work  is  now  being  carried  on  at  Kabbur,  Mundoor  and 
Vadesamudra. 

The  following  Table  gives  the  output  to  the  end  of  1914  the 
greater  part  of  which  has  come  from  Eabbur.  The  output 
from  the  Sringeri  Jahgir  is  not  included. 


Table  19 — Output  aud  Value  of  Mica. 


Year 

Quantitv  exported 

Valae  at 

Madras 

Rs. 

Value  per  lb. 

1911 
1912 
1913 
1914 

2,038 
5,062 
1,000 
6,477 

876 

2,303 

994 

2,514 

6*91  annas. 
7-28       „ 
15-90       „ 
7'86        „ 

Total    ... 

13,567 

6,687 

7-88  annas. 

Value. 


Mica  varies  so  much  in  size  and  quality  that  it  is  diffi- 
cult to  quote  values  which  convey  much 
information,  while  in  Mysore  the  output 
has  been  so  small  and  irregular  and  the  grades  so  mixed  that 
no  very  reliable  figures  are  yet  available. 

The  three  principal  producing  countries  are  the  United 
States,  Canada  and  India  and  the  following  figures  have  been 
reported. 

In  the  United  States  the  value  of  sheet  mica  has  been 


134 

about  9  to  10  annas  per  lb.  for  the  past  10  years  and  scrap 
mica  Rs.  80-50  per  ton. 

In  Canada  the  output  is  almost  entirely  Phlogopite  or 
"  amber  "  mica.  The  export  value  for  the  past  few  years  has 
been  from  12  to  15  annas  per  lb. 

Indian  mica  from  1908-09  to  1913-14  has  been  valued 
at  an  average  of  10  annas  per  lb.  rising  to  11  annas  at  the 
end  of  the  period. 

The  Mysore  mica  sold  in  England  has  varied  from  2 
annas  to  Bs.  2^  per  lb.  for  the  various  grades  exported. 

Consignments  sent  to  Madras  have  averaged  from  about 
7  annas  to  1  rupee  with  a  general  average  of  7 '88  annas  per 
lb.  It  is  very  doubtful  if  profitable  work  can  be  carried  on 
at  these  prices  unless  some  better  deposits  are  found.  Fur- 
ther work  is  contemplated  at  Vadesamudra  and  Eabbur  and 
there  is  at  any  rate  a  possibility  that  the  yield  of  saleable 
mica  may  be  somewhat  improved. 

Asbestos. 

Two  distinct  types  of  mineral  are  included  under  the 
commercial  term  "  Asbestos."  The  most  important  is  the 
mineral  chrysotile — a  hydrous  silicate  of  magnesia — which  is 
considered  to  be  a  fibrous  form  of  serpentine.  It  occurs  in 
narrow  irregular  veins  in  serpentine  or  other  ultrabasic  rocks 
the  fibres  of  the  mineral  lying  perpendicular  to  the  vein  walls. 
The  veins  are  usually  from  J  of  an  inch  to  2  or  3  inches  in 
width  and  this  determines  the  length  of  fibre  obtainable.  The 
greater*  part  of  the  world's  supply  of  this  material  comes  from 
Canada.  Very  little  has  been  found  in  Mysore  and  then  only 
in  very  thin  unworkable  veins  in  serpentine.  The  other 
forms  of  asbestos  belong  chiefly  to  the  varieties  tremolite  and 
actinolite  of  the  amphibole  group  and  are  essentially  anhydr- 
ous silicates  of  lime  and  magnesia. 

The  value  of  asbestos  depends  on  the  facility  with  which 
^^     ^        ^  the  mineral  can  be  broken  up  into  fine 

Character!  and  use.  ^ 

fibres  and  on  the  length  and  strength  of 
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these  fibres.  Its  usefulness  depends  very  largely  on  the  fact  that 
the  fibres  are  very  infusible  and  consequently  it  is  used  very 
largely  as  a  fire- proof  or  fire-resisting  material.  The  longer  and 
stronger  fibres  can  be  woven  into  fire-proof  cloth  and  the 
shorter  fibre,  dust,  etc.,  which  is  produced  during  milling  is  used 
for  asbestos  board,  paper,  tiles  and  plaster  and  also  as  a  lagging 
or  non-conducting  covering  for  boilers,  steam  pipes,  etc. 

So  far  none  of  the  chrysotile  variety  has  been  found  in 

Mysore  in  workable  quantities  but  small 

Occurrence.  :  ■? 

vems  have  been  noted  m  serpentme  masses 
near  Hole-Narsipur  and  Idegondanhalli  in  the  Hassan  Dis- 
trict and  near  Shinganmane  in  the  Shimoga  District. 

The  amphibole  variety  of  asbestos  has  been  noted  in 
several  places  and  appears  to  be  an  alteration  product  of  vari- 
ous amphibolites  or  other  ultrabasic  rocks  in  proximity  to 
intrusions  of  granite  or  gneiss.  The  following  places  may  be 
mentioned : — 

Chitaldrug  District, — N.  E.  of  Mayikonda  village ;  fibres 
stained  reddish  brown  and  hard. 

Near  Budihal,  Gangigere  in  the  Hosdurga  Taluk. 

Kadur  District — In  a  cofiFee  estate  near  Mudsosi,  Mud- 
gere  Taluk. 

Near  milestone  ^^  on  the  Belur,  Mudgere  road. 

Hassan  District, — On  the  Kabbur  Block  (P.  L.  360). 

Near  the  30th  mile  on  the  Yedatore  Hole-Narsipur 
road.  Several  tons  have  been  obtained  from  here  as  samples 
and  a  fairly  large  quantity  is  said  to  be  obtainable.  The 
mineral  also  occurs  near  Hole-Narsipur,  Sunnakal  Hosur  and 
Idegondanhalli. 

Bangalore  District, — A  small  quantity  of  a  white  asbestos 
has  been  found  at  Avalhalli  about  2  miles  from  Bangalore  on 
the  Mysore  road. 

Mysore  Ditrsict, — Small  quantities  have  been  found  near 
Nagamangala  and  2  miles  S.  W.  of  Mandya.  The  occur- 
rence of  a  larger  deposit  has  recently  been  reported  near 
Konor  about  12  miles  south-east  of  Nanjangud. 
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The  values  vary  very  greatly  according  to  quality.     The 

different  grades  of  material  produced  from 
the  Canadian  chrysotile  deposits  vary  from 
about  Ks.  900  to  Ks.  27  per  ton  with  an  average  value  of 
Bs.  90  per  ton.  A  large  number  of  grades  are  produced  from 
the  same  quarry  during  the  process  of  mining  and  milling. 
The  average  amount  of  merchantable  fibre  produced  is  about 
6  per  cent  of  the  total  amount  of  rock  excavated.  The  out* 
put  from  the  United  States  is  comparatively  small  and  is  of 
the  amphibole  variety  and  is  valued  at  from  Bs.  30  to  45  per 
ton.  The  Mysore  mineral  occurs  in  bunches  and  aggregates 
of  fibrous  material  and  at  Kabbur  long  fibrous  sticks  of  Rever- 
al  feet  in  length  can  be  obtained  which  can  be  picked  out 
practically  clean.  The  material  can  be  easily  fiberized  and 
reduced  to  a  white  fluffy  mass  which  should  possess  some 
merits  as  an  insulator,  steam  pipe  covering  and  where 
strength  of  fibre  is  not  essential.  The  great  defect  in  all  the 
samples  is  the  brittleness  and  lack  of  tenacity  of  the  fibres 
and  a  sample  of  several  tons  sent  to  London  failed  to  find  a 
satisfactory  market  and  was  eventually  sold  at  a  little  under 
Bs.  20  per  ton. 

The  cost  of  the  crude  material  delivered  on  the  railways 
is  said  to  be  from  Bs.  35  to  50  per  ton. 

The  material  obtained  so  far  has  all  come  from  close  to 
surface  where  the  rock  is  much  decomposed  and  this  may 
account  for  the  excessive  brittleness  of  the  asbestos  fibre.  In 
view  of  the  increasing  demands  for  asbestos  it  would  be 
worth  while  to  sink  some  of  the  pits  deeper  and  ascertain 
whether  the  fibres  become  stronger  while  retaining  sufficient 
facility  for  easy  separation. 

MAGNESITE. 

Magnesite  is  the  normal  carbonate  of  magnesia  (Mg  CO3) 

and  occurs,  from  a   commercial  point  of 

*^  aSJmrence.*' "^^^  *'     view,   in    two   distiuct  Varieties   or   types 

having   very    different  modes    of    origin. 
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These  types  are  sometimes  distinguished  by  the  terms  "massive 
magnesite"  and  "crystalline  magnesite." 

The  massive  type  only  is  found  in  Mysore  and  important 
deposits  occur  at  Salem  in  the  Madras  Presidency  and  in  the 
island  of  Euboea  (Greece).  Less  notable  deposits  occur  in 
many  other  countries. 

This  type  occurs  as  a  net  work  of  veins  in  ultrabasic 
rocks  of  a  serpentinous  character  derived  from  the  alteration 
of  dunites,  peridotites,  amphibolites,  etc.  The  mineral  probably 
results  from  the  breaking  up  of  the  magnesian  silicates  by 
heated  vapours  or  solutions  containing  carbonic  acid  with  the 
production  of  magnesite  which  is  deposited  as  veins  in  joints 
and  fissures  of  the  rock.  A  little  of  the  sihca  is  deposited  with 
the  magnesite  in  the  form  of  chalcedony  and  the  rest  is  re- 
moved in  solution  and  may  have  been  deposited  elsewhere  as 
quartz  veins. 

In  Mysore  the  original  ultrabasic  rocks  appear  to  have 
been  intrusive  dykes  or  masses  in  the  Dharwar  Schists  and 
to  have  been  intruded  subsequently  by  portions  of  the  Penin- 
sular gneiss  from  which  the  heated  solutions  and  carbonic 
acid  were  probably  derived. 

The  magnesite  is  a  hard  white  massive  material  with  a 
rough  to  conchoidal  fracture,  something  like  broken  procelain. 
Its  value  depends  on  the  absence  of  impurities,  particularly 
lime  and  iron,  on  the  ease  with  which  it  can  be  separated  from 
the  enclosing  rock  and  on  the  proportion  of  clean  mineral 
obtainable  to  the  total  rock  excavated. 

The  crystalline  type  of  magnesite  occurs  only  in  Austria 
and  Hungary  and  appears  to  be  of  the  nature  of  a  crystalline 
limestone  or  dolomite,  of  sedimentary  origin,  in  which  lime 
has  been  almost  completely  replaced  by  magnesia  by  subse- 
quent chemical  alteration. 

For  practical  purposes  the  two  types  of  magnesite  are 
distinguished  by  the  amounts  of  iron  and  alumina  they  contain 
and  by  their  different  behaviour  during  burning.  As  a  com- 
mercial material  the  massive  type  contains  less  than  1%  of  iron 
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oxide  while  the  crystaUine  type  contains  some  3  to  6  %  (tf 
oxides  of  iron  and  alumina.  The  former  burns  to  a  white 
material  which  is  usually  only  lightly  bm*nt  or  calcined  ;  the 
latter  is  always  dead-burnt  at  a  high  temperature  and  yields 
a  brown  granular  material  which  is  used  either  as  such  or  in 
brick  form  for  furnace  linings. 

The  various  points  at  which  magnesite  has  been  found 

in  Mysore  are  indicated  on  the  encloeed 
map. 

The  principal  deposits  occur  in  the  Mysore  District  be- 
tween Mysore  and  Nanjangud.  Of  these  the  most  important 
are  at  Dod  Kanya  and  Dod  Katur  while  other  less  important 
or  poor  deposits  have  been  found  near  Shindavalli,  Talur, 
Solepur,  Mavinhalli,  Gurur  and  Kupya. 

In  the  Hassan  District  relatively  unimportant  deposits 
have  been  found  to  the  east  and  south-east  of  Hole-Narsipur 
and  in  the  Arkalgud  Taluk. 

At  Dod  Kanya  there  is  a  patch  of  serpentinized  rock, 
about  three-quarters  of  a  mile  long  by  one  quarter  wide, 
which  is  much  traversed  by  white  veins  of  magnesite  many 
of  which  appear  on  surface.  The  veins  vary  from  mere 
threads  up  to  several  inches  with  occasional  swellings  up  to 
several  feet  in  thickness.  From  the  prospecting  work  done 
it  is  seen  that  the  veins  tend  to  occur  in  two  sets,  one  more 
or  less  vertical  and  the  other  horizontal  or  slightly  inclined. 
Several  of  the  larger  masses  belong  to  the  latter  set.  It  is 
probable  that  a  considerable  proportion  of  the  whole  mass 
would  yield  about  one  ton  of  magnesite  for  each  10  tons  of  rock 
excavated  and  that  the  total  amount  of  workable  magnesite 
would  amount  to  several  hundred  thousand  tons.  The  other 
deposits  are  less  extensive  or  would  yield  lower  proportions  of 

mineral. 

A  number  of  analyses  have  been  obtained,  chiefly  from 

the  Dod  Kanya  area  (P.  L.  404)  and  these 
mpoft  on.  ^^^    shown  in    Table  20    together    with 

a  few  representative  analyses  from  other  places  for  comparison. 
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At  surface  the  Mysore  magnesite  is  sometimes  contaminated 
with  lime  kankar  which  raises  the  lime  contents  so  high  as  to 
render  the  material  useless  for  refractory  purposes.  The 
kankar  is  brown  in  colour  and  can  be  removed  by  dressing.  A 
few  feet  below  surface  it  disappears,  but  care  has  to  be  taken 
to  clean  the  magnesite  from  serpentine,  amphibolite  and 
chalcedonic  silica. 

When  properly  dressed  the  Mysore  material  compares 
favourably  with  that  from  Salem  and  Greece. 

USES   OP   MAGNESITE. 

Baw  magnesite  is  used  in  America  for  the  production  of 

carbonic  acid  gas  (CO3).     The  magnesite 

Raw  Msffiietltc  ._        a     t  •      •  aa^i         ■•        5-«  <» 

IS  heated  m  iron  retorts  thereby  driving  off 
the  CO3  which  is  collected  and  compressed  in  cylinders  for  the 
manufacture  of  aerated  waters,  etc.  The  residue  in  the 
retorts  is  calcined  or  caustic  magnesia  and  is  sold  for  the 
manufacture  of  refractory  bricks,  cement,  plasters,  etc.  This 
use  of  magnesite  as  a  source  of  CO^  is  said  to  be  decreasing  as 
the  residual  magnesia  is  often  insufficiently  burnt  for  the  pur- 
poses for  which  it  is  required  and  unless  it  can  be  sold  the 
manufacture  of  COa  in  this  way  would  not  pay. 

Magnesite  is  sometimes  treated  with  sulphuric  acid  for 
the  production  of  CO2  and  Epsom  Salt  is  prepared  from  the 
residual  solution.     A  note  on  this  will  be  found  in  the  section 

on  the  materials  used  for  Agricultural  and  Chemical  In- 
dustries. 

Caustic  magnesia,  also  called  calcined  or  lightly  burnt 

ma£^nesia,  is  obtained  by  burning  magnesite 

Caustic  Mavnesia.  .       ,  .,         .  ,      ,,  e>      *-» 

in  kilns  in  very  much  the  same  way  as 
limestone  is  burnt  to  quick-lime.  The  burning  may  be  con- 
ducted in  bottle  kilns  with  an  admixture  of  coal,  coke,  wood  or 
charcoal,  but  this  has  the  disadvantage  of  introducing  im- 
purities from  the  ash  of  the  fuel.  Where  purity  is  essential 
it  is  burnt  in  kilns  with  external  fire-boxes  or  fired  with  gas. 
At  Salem  where  high  class  caustic  magnesia  is  produced  the 
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kilns  are  vertical,  continuous  feed,  shaft  kilns  fired  with  pro- 
ducer gas  made  from  Bengal  coal.  Magnesite  is  said  to  part 
with  its  COs  at  a  lower  temperature  than  limestone,  but  much 
depends  on  physical  character  and  on  the  amount  of  COg 
which  may  be  permitted  to  remain  in  burnt  stufif.  If  the 
magnesia  must  not  contain  more  than  2%  of  COa  the  tem- 
perature requires  to  be  900°  to  1000°  C.  for  the  Indian  variety. 
After  calcination  the  magnesia  will  absorb  water  and  COg 
from  the  air  and  will  set  into  a  moderately  hard  paste  if  slak- 
ed with  water.  The  caustic  magnesia  is  used  very  largely  as 
a  filling  for  paper  and  wood  pulp  and  for  the  preparation  of 
Sorel  or  "  Oxy chloride  "  cement  for  the  production  of  which 
it  is  mixed  with  a  strong  solution  of  magnesian  chloride.  The 
cement  is  extremely  hard  and  will  carry  several  times  as 
much  sand  or  stone  as  lime  or  Portland  cement  and  at  the 
same  time  shows  much  greater  resistance  to  crushing.  It  is 
said  to  be  suitable  for  indoor  work  and  to  deteriorate  on 
continued  exposure  to  the  weather. 

It  is  used  for  the  preparation  of  artificial  stone,  grind- 
stones, mill  stones,  etc.,  and  is  mixed  with  sawdust,  cork, 
asbestos,  tale,  etc.,  for  the  production  of  floor  tiles,  complete 
floors,  etc.  It  is  believed  that  most  of  the  magnesia  from 
Salem  is  sent  to  Europe  for  these  purposes  and  the  possibility 
of  producing  such  a  cement  in  Mysore  for  local  use  is  worth 
attention.  A  good  deal  will  depend  on  securing  a  suitable 
supply  of  magnesium  chloride  and  the  bitterns  from  the 
Madras  Salt  Works  have  been  suggested  as  a  possible  source. 

In  order  to  dead-burn  magnesite  the  CJOg  has  to  be  al- 
most completely  driven  off  so  that  not  more 

Dead  burnt  Mavnesia.        .,  .  i   .      ■«   ^x/  -r 

than  from  J  to  1  %  remams.  In  order  to 
do  this  the  temperature  must  be  raised  to  from  1500°  to 
1700°  C  for  which  special  kilns  are  required  and  a  large  ex- 
penditure of  fuel.  At  this  high  temperature  the  magnesia 
shrinks  and  increases  in  density  and  will  no  longer  absorb 
water  or  CO2.  In  this  form  it  is  very  refractory  and  is  used 
as  a  basic  lining  for  steel  furnaces  and  electric  furnaces.    The 
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principal  supply  of  dead-burnt  magnesia  comes  from  Anstro- 
Hungary  where  the  deposits  of  crystalline  magnesite  contain 
much  more  iron  and  alumina  than  the  Indian  and  Greecian 
varieties.  Owing  to  its  physical  character  and  composition 
the  former  can  be  dead-burnt  at  a  temperature  of  1500°  C  in 
continuous  bottle  kilns  using  producer  gas  or  in  rotary  kilns 
using  powdered  coal.  The  resulting  material  clinkers  or  frits 
so  that  it  is  obtained  in  a  granular  form  which  can  be  thrown 
on  to  the  bed  of  the  furnace  without  getting  blown  away  and 
it  then  frits  together  into  a  solid  mass.  Also,  if  moulded  into 
bricks  and  fired  it  fuses  together  sufficiently  to  form  hard 
strong  bricks  suitable  for  furnace  work.  It  is  still  a  very  re- 
fractory material  and  for  the  above  reasons  there  is  a  large 
demand  for  it  for  basic  linings. 

When  we  come  to  the  massive  variety  such  as  occurs  in 
Greece,  Salem  or  Mysore  a  dififerent  problem  is  presented. 
The  temperature,  required  is  much  higher — about  1700°  C- 
and  this  will  probably  necessitate  special  kilns  of  a  regenerative 
type.  Attempts  to  produce  dead-burnt  magnesia  at  Salem  are 
understood  to  have  been  unsuccessful.  Again,  the  material 
does  not  frit  together,  but  falls  into  fine  powder  in  which  form 
it  is  unsuitable  for  furnace  lining  or  manufacture  of  bricks.  It 
is  believed,  however,  that  bricks  are  made  from  it  for  electric 
furnaces  and  that  they  are  more  refractory  than  those  made 
from  the  Austrian  magnesite;  on  the  other  hand  they  are 
brittle  and  would  not  stand  the  mechanical  strains  of  open 
hearth  furnaces.  The  problem  of  using  Mysore  magnesite  for 
this  purpose  has  been  under  investigation  in  consultation  with 
the  Tata  Iron  and  Steel  Works  and  the  most  practical  solution 
appears  to  be  to  grind  either  the  magnesite  or  calcined  mag- 
nesia with  a  small  quantity  of  iron  oxide  thereby  reducing  its 
infusibility  and  permitting  it  to  frit  to  a  material  which  can 
be  used  in  a  granular  form  or  made  into  bricks.  Experi- 
mental work  has  shown  that  good  bricks  can  be  thus  made 
and  the  outstanding  questions  are  those  of  cost  and  location  of 
work. 
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Cost  off  Mlninff. 


From  the  prospecting  work  done  on  the  Dod  Eanya  block 

it  is  probable  that  the  cost  of  mining  and 
sorting    the    magnesite    will   lie   between 
Bs.  3  and  Rs.  5  per  ton  of  magnesite  exclusive  of  supervision. 
It  is  very  difficult  to  give  any  estimates  of  cost  without  a 
Cost  off  CAiciniiiff  in         definite  proposition   as  to    quantities   and 
'^'^^'  character  of   the  product  required.      The 

following  figures  may,  however,  be  of  some  use  to  those  who 
have  the  matter  under  consideration.  The  amount  of  coal 
required  is  about  20  to  25  %  of  the  calcined  magnesia,  say 
about  Rs.  5  per  ton  of  calcine.  If  wood  could  be  used  the 
cost  would  be  slightly  less. 


Table  21 — Estimated  cost  of  calcining  jnagnesite  in  Mysore. 


Output  50  tons  of  caustic  magnesia  per  month 


2i  tons  of  magnesite  at  Bs.  4 

Coal 

Labour  for  burning 

Bags  and  bagging     ... 

Supervision 

Interest  and  upkeep  of  kiln 

Royalty,  rent  and  sundries 


Total  per  ton  of  magnesia 


Rs.  a.  p. 


9 
5 
6 
6 
5 
2 
5 


0  0 

0  0 

0  0 

0  0 

0  0 

0  0 

0  0 


38    0    0 


This  is  a  very  rough  estimate  and  the  charges  for  super- 
vision might  have  to  be  greatly  increased  if  a  high  grade 
standard  product  was  required.  On  the  other  hand,  if  the 
output  was  materially  increased  to  a  few  thousand  tons  a  year 
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the  cost  would  come  down  to  about  half  the  above  figure  at 
which  rate  it  might  be  just  possible  to  place  some  on  European 
markets. 

Little  precise  information  is  available  at  present  on  this 

point.     Either  the  magnesite  or  calcined 

Cost  off  dofld  bumliiff. 

magnesia  would  have  to  be  ground  and 
mixed  with  iron  ore  and  then  bricquetted  and  dead-burnt. 
Rotary  kilns  would  not  be  desirable  unless  the  output  was 
large.  The  amount  of  coal  required  would  probably  be  about 
15  cwts.  costing,  say,  Rs.  15,  and  the  total  cost  of  making 
dead-burnt  magnesite  in  Mysore  is  likely  to  lie  between  Bs.  50 
and  Bs.  80  per  ton.  The  cost  of  the  Austrian  material  im- 
ported into  India  before  the  war  was  about  Bs.  65  per  ton. 

It  is  doubtful  if  the  dead-burnt  material  could  be  supplied 
to  the  north  of  India  from  Mysore  as  cheaply  as  it  can  be 
imported  unless  the  output  is  large  and  the  demand  does  not 
justify  this  at  present.  On  the  other  hand,  it  is  quite  possible 
that  manufactured  bricks  could  be  delivered  at  a  lower  rate 
than  the  imported  article  owing  to  higher  packing  and  trans- 
port charges,  etc.     This  point  is  still  under  investigation. 

OTHER   REFRACTORY   MATERIALS. 

Chromite,  or  Chrome  Iron  Ore,  is  in  some  demand  as  a 

refractory  lining  material  for  furnaces. 
The  occurrence  and  distribution  of  the  ores 
have  been  described  already  under  Chromium.  For  furnace 
lining  the  ore  is  preferred  in  large  lumps  or  brick-like  blocks 
and  it  is  believed  that  bricks  are  also  made  from  the  crushed 
powder.  During  the  past  year  or  so  a  regular  supply  of  high 
grade  Chrome  Ore  has  been  sent  to  the  Tata  Iron  and  Steel 
Works  from  Kadakola  in  Mysore.  It  is  thought  that  there 
may  be  some  use  also  for  the  lower  grade  ores  from  Arsikere 
in  lump  form  and  attempts  are  being  made  to  find  a  market. 
Potstone,  or  soapstone,  is  a  soft  tough  greenish  to  grey 

rock  composed  largely  of  the  mineral  talc. 
Poutone.  j.^  usually  contains  varying  proportions  of 
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micai  chloritei  serpentine,  amphibole  and  pyroxene  and  the 
amount  of  the  accessories  or  impurities  determine  the  quality 
of  the  stone. 

The  fine,  light  coloured  and  comparatively  pure  soap- 
stone  which  is  used  for  gas-burners,  production  of  talc  powder, 
etc.,  has  not  been  found  in  Mysore.  The  coarser  textured 
greenish  material  is  used  locally  for  the  manufacture  of  pots, 
pans  and  other  fire-resisting  utensils,  but  the  most  extensive 
use  is  as  an  ornamental  building  stone  where  intricate  and 
delicate  carving  is  required.  Other  uses  are  as  electric  switch- 
boards and  insulators  and  in  the  form  of  fine  powder  for  cotton 
sizing,  paper  filling,  lubricant,  etc.,  but  the  suitability  of  the 
Mysore  materials  for  these  purposes  has  not  been  ascertained 
and  the  greater  number  of  samples  would  appear  to  contain 
too  much  gritty  material. 

Varieties  of  potstone  are  widely  distributed  chiefly  in  the 
region  between  Arsikere  and  Hassan. 

In  the  Shimoga  District  it  is  found : — 

Near  Saulonga,  Kudli  and  Hoskoppa  in  the  Honnali 

Taluk. 
Near  Kavaledurga  in  the  Tirthahalli  Taluk  and  near 
Benkipur. 
In  the  Chitaldrug  District  near  Lokadalalu  and  Audanur 

in  the  Holalkere  Taluk. 
In  the  Tumkur  District  on  a  ridge   close  to  Kadehalli, 
Turuvekere  Taluk.     Less  altered  parts  of  this  are  a 
rather  hard  rock  (amphibolite)  which  takes  a  fine  black 
polish  and  has  been  largely  used  in  the  Palace  at  My- 
sore and  at  Tippu  Sultan's  Tomb,  Seringapatam. 
In  the  Mysore   District — near  Chattanhalli,  Talur  and 
Eadakola  in  the  Mysore  Taluk — at  Manhalli  in  the 
Heggaddevankote    Taluk    and     at     numerous    other 
places  of  minor  importance. 
No  deposits  of  what  can  be  properly  called  fire  clay  are 

known  to  exist,  but  some  of  the  decomposed 
pegmatites,  granites  and  gneisses — which 

M.B.M.  L 
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now  consist  largely  of  quartz  and  kaolin — and  some  of 
the  more  or  less  impure  masses  of  kaolin  and  lithomai^e 
would  no  doubt  yield  fire  bricks  of  fairly  refractory  quality. 
Bricks  of  this  character  have  been  made  at  the  City  Brick  and 
Tile  Works,  Bangalore,  from  decomposed  pegmatite  veins  in 
the  gneiss  near  Golhalli.  This  decomposed  material  contains 
about  30%  of  kaolin  the  remainder  being  quartz  and  sundry 
impurities.  If  care  is  taken  to  select  material  fairly  free  from 
iron,  a  good  firm  fire  brick  can  be  obtained  by  the  addition  of 
a  small  proportion  of  more  plastic  clay.  In  many  parts  of  the 
State,  materials  of  this  character  can  be  obtained  from  which 
local  demands  could  be  supplied.  The  material  is  not 
sufficiently  valuable  to  stand  long  transport,  but  several  small 
brick  and  tile  works  are  in  existence  or  projected  and  in  most 
cases  it  should  be  possible  to  obtain  some  kaolinic  or  litho- 
margic  material  within  a  reasonable  distance  of  the  work. 
Local  demands  are  not  likely  to  be  large  and  any  export  to 
surrounding  areas  would  depend  on  the  quality  of  brick  which 
can  be  produced — a  matter  which  requires  further  practical 
investigation.  A  number  of  localities  in  which  various  grades 
of  kaolinic  material  have  been  noted  will  be  found  in  the 
section  on  kaolin. 
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(o)  Mineral  Fluents. 

OCHBBS,   OXIDES,   AND   COLOURED   CLATS. 

The  ochres  are  composed  largely  of  hydrated  oxides  of 
iron  mixed  with  more  or  less  clayey  or  gritty  material.  They 
may  occur  as  fine  sediments  deposited  by  water  or  as  the 
residual  products  of  schists,  iron  ores  or  limestones  which  have 
been  subjected  to  long  continued  weathering  and  chemical 
alteration. 

In  colour  they  present  various  shades  of  yellow,  brown 
and  red  and  usually  require  to  be  ground  finely  or  crushed  and 
levigated  with  water  so  as  to  produce  an  extremely  fine  textur- 
ed material  of  uniform  colour  which  can  be  used  for  colour 
washes,  distempers  or  oil  paints. 

Ochres  of  sorts  occur  in  many  places  in  Mysore  more 
particularly  among  the  iron  ores,  manganese  ores  and  lime- 
stones of  the  Chitaldrug  Schists. 

Recently  some  prospecting  licenses  have  been  taken  out 
in  the  neighbourhood  of  Chik  Eittadhalli  and  Kenkere  and 
some  large  samples  have  been  taken  out  for  experimental 
treatment  with  a  view  to  testing  the  markets. 

The  Mysore  ochres  though  fine  in  texture,  when  levigat- 
ed, and  of  good  body  are  generally  dull  in  colour.  Small 
quantities  of  fairly  good  yellow  and  red  have  been  found,  but 
they  are  usually  much  mixed  with  other  material  which  would 
render  clean  extraction  difficult  and  expensive.  Large 
quantities  of  the  duller  colours  can  doubtless  be  obtained — 
chiefly  a  rather  brownish-green  yellow,  various  shades  of  brown 
or  umber  and  dall  brick  red  or  terra  cotta.  If  burnt  the 
yellow  material  yields  a  pleasing  reddish-brown  oxide.  The 
materials  at  present  under  investigation  are  disadvantageously 
situated  owing  to  distance  from  a  railway  and  a  lack  of  a 

M.R.M.  h  2 
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convenient  supply  of  water  for  washing  in  both  of  which  re- 
spects improvements  might  be  made  if  the  products  were 
found  to  be  marketable.  A  further  difficulty  which  has  to  be 
faced  is  the  question  of  packing.  If  the  material  could  be  sent 
away  in  the  raw  state,  this  difficulty  would  not  arise,  bat  if 
prepared  and  in  a  very  fine  state  it  is  generally  required  to  be 
packed  in  kegs  or  casks  which  would  be  difficult  to  procure  in 
Mysore  and  expensive.     Possibly  double  bags  might  be  used. 

So  far  it  has  not  been  possible  to  ascertain  very  definitely 
the  probable  market  values  of  the  materials  and  the  only  way 
to  get  at  this  will  be  to  prepare  fairly  large  quantities  and 
place  them  on  the  market. 

Samples  have  been  sent  to  Bombay  and  were  not  very 
favourably  reported  on.  In  normal  times  the  prices  in  Bom- 
bay would  seem  to  run  from  Bs.  2  to  Bs.  4  per  cwt.  packed. 
At  the  present  time  the  prices  might  be  up  to  Bs.  4  to  6« 
but  it  is  doubtful  if  there  would  be  much  demand  for  dull 
colours. 

Samples  sent  to  England  are  said  to  be  worth  from  £3  to 
£5  per  ton  in  normal  times,  but  no  very  strong  demand.  Even 
at  the  higher  price  it  is  not  likely  that  they  could  be  exported 
at  a  profit. 

On  the  other  hand  there  is  some  local  demand  in  Mysore 
both  for  the  dry  powder  and  mixed  with  oil  as  paint  and  the 
local  prices  are  likely  to  be  considerably  higher  than  those 
quoted  above.  There  is  also  some  demand  in  Madras  at  prices 
which  are  stated  to  vary  from  Bs.  5  to  Bs.  7  per  cwt.  in  nor- 
mal times  and  up  to  Bs.  15  at  the  present  time. 

The  fact  that  prices  are  now  high  makes  a  favourable 
opportunity  for  the  experimental  production  of  large  samples 
in  order  to  obtain  more  precise  information  as  to  costs  and 
market  requirements  and  values  and  work  on  these  lines  is 
being  proceeded  with  by  the  present  licensees. 
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(d)  Materials  ased  for  Agrioaltare,  Chemioal 

Indastries  and  Food. 

Many  minerals  are  used  for  the  preparation  of  manures 
and  fertilizers  and  for  the  preparatioif  of  various  chemicals  used 
in  industrial  processes.  Brief  notes  on  a  few  of  these  are  given 
below  and  the  list  might  be  largely  extended.  The  notes  are 
meant  to  be  suggestive  and  to  show  the  relative  value  of  vari- 
ous factors  which  determine  whether  certain  materials  can  be 
used  or  manufactured  commercially  at  a  profit.  The  estimates 
of  cost,  etc.,  are  of  a  very  general  character  and  must  be  varied 
to  suit  specific  cases  and  on  many  points  rough  assumptions 
have  had  to  be  made  owing  to  lack  of  more  precise  information* 

Proposals  are  constantly  being  put  forward  for  the  estab- 
lishment of  small  chemical  industries  based  on  the  fact  that 
some  of  the  raw  materials  exist  in  Mysore.  It  will  be  seen 
however  that  the  raw  materials  often  form  a  relatively  unim- 
portant part  of  the  total  cost  of  production  and  marketing  and 
this  is  more  particularly  so  in  the  case  of  small  industries. 
Where  the  output  is  small  the  charges  for  supervision,  interest, 
depreciation,  etc.,  are  relatively  large.  When  the  output  is 
large  these  overhead  charges  diminish  considerably  and  small 
advantages  or  reductions  in  cost  of  the  raw  materials  begin  to 
make  themselves  felt.  It  must  not  be  forgotten  also  that 
many  of  the  materials  used  in  the  production  of  chemicals 
and  chemical  products  are  themselves  bye-products  of  other 
industries  and  that  in  the  absence  of  any  supply  of,  or  demand 
for,  bye-products  work  could  not  be  carried  on  profitably  how- 
ever feasible  it  might  be  from  a  technical  point  of  view. 

PYRITES. 

Iron  Pyrites  is  a  yellow  mineral  of  the  composition  Fe  S3, 
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containing  46'6%  of  iron  and  53*4%  of  sulphur,  and  is  widely 
distributed  in  the  rocks  of  Mysore  in  grains  and  crystals. 
The  quantities  present  are  usually  very  small,  but  in  some  of 
the  chloritic  and  talcose  schists  of  Chitaldrug  and  Shimoga 
and  in  some  of  the  auriferous  veins  and  lodes  the  proportion 
of  pyrites  present  rises  to  noticeable  amounts  which  may 
vary  from  5%  to  20%  of  the  rock.  Nothing  in  the  shape  of  a 
high  grade  deposit  containing  50%  or  more  of  pyrites  has 
been  found  and,  from  a  commercial  point  of  view,  the  mine- 
ral would  not  deserve  notice  here  were  it  not  for  the  sugges- 
tions which  have  been  so  frequently  put  forward  that  Mysore 
contains  valuable  deposits  which  might  be  used  for  the  local 
manufacture  of  sulphuric  acid. 

Amongst  the  most  noticeable  deposits  which  have  been 
found  are  some  bands  or  zones  of  veined  schist  amongst  the 
old  workings  at  Honnehatti  and  the  quartzose  ore  of  the 
Jalagargundi  Mine.  These  have  been  described  in  the  sec- 
tion on  gold  (pp.  48  and  50).  In  the  former  the  zones  carrpng 
pyrites  are  small  and  very  patchy  and  the  mineral  is  mixed 
with  copper  pyrites  and  blende.  In  the  case  of  Jalagargundi 
there  is  a  wide  lode  richly  studded  with  variable  amounts  of 
clean  iron  pyrites  and  for  the  sake  of  illustration  a  test  was 
made  with  a  picked  sample  of  the  richer  portions.  The 
sample  was  crushed  and  concentrated  and  the  pyritic  concen- 
trate was  found  to  amount  to  20%  of  the  rock  and  to  contain 
46%  of  sulphur.  These  richer  portions  could  not  be  rained 
separately  and  the  average  contents  of  the  lode  would  pro- 
bably lie  between  5%  and  10%  of  pyrites. 

For  the  sake  of  example  we  may  take  the  favourable 
view  that  a  considerable  amount  of  material  containing  10% 
of  pyrites  could  be  mined  at  reasonable  cost.  As  the  output 
would  be  small,  it  would  be  a  low  estimate  to  put  the  cost  of 
mining,  crushing  and  concentrating  the  rock  at  Bs.  10  per  ton 
and,  as  10  tons  of  rock  would  be  required  for  1  ton  of  pyrites, 
the  pyrites  would  cost  Bs.  100  per  ton  at  the  mine. 

We  may  now  consider  how  much  a  sulphuric  acid  works 
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could  afford  to  pay  for  pyrites.  It  should  be  possible  to  de- 
liver Spanish  Pyrites  at  a  works  in  Mysore  for  some  Bs.  50 
to  60  per  ton  and  to  deliver  Sicilian  Sulphur  at  lis.  100  per 
ton  or  less  and  Japanese  Sulphur  at  a  still  lower  figure.  Of 
these  materials  sulphur  would  be  more  economical  than  pyrites. 

If  therefore  we  can  get  sulphur  at  Ks.  100  or  less,  the 
relative  value  of  the  Mysore  pyrites  (containing  46%  of  sul- 
phur) would  be  Bs.  46  per  ton  or  less.  As,  according  to  the 
above  example,  it  costs  Bs.  100  at  the  mine,  the  proposition 
is  not  commercially  feasible.  Even  if  we  could  find  an  ore 
containing  20%  of  pyrites,  it  still  would  not  pay  in  competi- 
tion with  imported  sulphur. 

The  only  hope  of  being  able  to  use  Mysore  pyrites  would 
be  the  development  of  a  gold  mine  in  which  the  pyrites  would 
be  obtained  as  a  bye-product  and  could  be  sold  cheaply  and 
this  is  not  without  the  bounds  of  possibility,  though  its  advent 
is  not  at  present  in  sight. 

SULPHURIC   ACID. 

Cheap  sulphuric  acid  is  an  extremely  important  factor  in 
many  chemical  industries  and  the  desirability  of  manufactur- 
ing it  in  Mysore  has  often  been  discussed  and  advocated.  We 
have  shown  that  local  supplies  of  pyrites  are  out  of  the  ques- 
tion, at  any  rate  at  present,  in  comparison  with  imported 
sulphur. 

The  problem  of  producing  sulphuric  acid  in  Mysore  more 
cheaply  than  it  can  be  imported  depends  entirely  on  the  local 
demand  for  it.  The  extent  of  this  demand  is  not  very  accu- 
rately known,  but  Bangalore  probably  imports  100  to  150  tons 
of  concentrated  acid  a  year  and  there  may  be  a  small  addi- 
tional import  to  other  places.  It  is  probable  that  the  total 
demand  does  not  exceed  half  a  ton  per  day  on  the  average. 

How  far  it  would  be  technically  feasible  to  erect  and 
work  a  plant  to  produce  only  half  a  ton  a  day  is  doubtful  and 
the  profit  to  be  obtained,  if  there  was  a  profit,  could  not 
amount  to  very  much. 
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We  may  more  usefully  consider  the  case  of  a  small  unit 
to  make  4  to  5  tons  a  day  of  concentrated  acid.  This  woald 
be  capable  of  turning  out  about  1,900  tons  of  chamber  acid, 
or  1,200  tons  of  concentrated  acid  per  year,  or  partly  one  and 
partly  the  other. 

Plant  and  erection  would  cost  about  one  lakh,  buildings 
and  bungalows  half  a  lakh  or  so  and  half  a  lakh  for  sundries 
and  working  capital.  On  this  we  might  allow  a  depreciation 
of  15%  on  the  plant,  5%  on  buildings  and  5%  interest  on  the 
total. 

Supervision,  office,  laboratory  and  labour  might  be  put  at 
Bs.  3,500  per  month  of  which  skilled  supervision  forms  the 
greater  part  and  would  be  independent  of  the  quantity  pro- 
duced within  wide  limits. 

Materials  required  per  ton  of  chamber  acid  would  be  as 
follows : — 


4^  cwts.  sulphur  at  Bs.  5 

Bs. 
22 

a. 
8 

0 

8  cwts.  coal  at  Be.  1 

3 

0 

0 

Nitric  acid  and  sundries 

9 

8 

0 

Total     . . . 

35 

0 

0 

For  one  ton  of  concentrated  acid  we  require. — 

1*6  tons  chamber  acid  at  Bs.  35 

56 

0 

0 

4  cwts.  English  coke  at  Bs.40  per  ton 

8 

« 

0 

0 

Sundries 

4 

0 

0 

Total     ... 

68 

0 

0 
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Table  22. — Approximate  estimates  of  cost  of  sulphuric  acid. 


Chamber  acid 

•  •  • 

•  • 

tons  per  year 
1,900 

Bs.   a.   p. 

Materials 

•  •  • 

•  • 

35     0    0 

Supervision  and  labour 

•  •  • 

•  •  • 

22    0    0 

Depreciation 
Interest 

•  •  • 

•  •  • 

Total  per  ton 

•  •  • 

•  •  • 

•  • « 

9    0    0 
5     0    0 

• 

71     0     0 

Concentrated  acid. — 

Materials 

•  ■  • 

•  •  t 

68     0    0 

Supervision  and  labour 

•  •  • 

•  •  • 

35     0    0 

Depreciation 
Interest 

•  •  • 

•  •  « 

Total  per  ton 

•  •  • 

•  •  • 

•  •  • 

15     8    0 
8     8    0 

127     0     0 

One  anna  per  lb.  is  Bs.  140  per  ton  and  the  above  rough 
estimates  appear  to  show  that  chamber  acid  could  be  made 
here  for  J^  an  anna  per  lb.  and  concentrated  acid  for  a  little 
over  J  anna  per  lb. 

Concentrated  acid  can  be  imported  into  Bangalore,  packed 
in  jars,  at  something  between  1^  and  2  annas  per  lb.  so  that 
for  sale  or  use  in  Mysore  the  locally  made  acid  should  have  a 
fair  margin  in  its  favour.  The  figures  depend  entirely  on  the 
quantity,  viz,,  about  1,200  tons  per  year,  and  as  the  present 
demand  probably  does  not  exceed  160  tons  there  is  a  long  way 
to  go  before  these  favourable  conditions  can  be  realized. 

If  the  plant  worked  part  time  so  as  to  produce  only  160 
to  200  tons  a  year,  the  cost  would  go  up  to  about  2  annas  a 
lb.  or  perhaps  more.  If  a  less  costly  plant  was  feasible  and 
the  staflf  could  be  employed  on  other  chemical  work  for  part 
time,  the  cost  might  come  down  to  something  between  1  and  2 
annas  a  lb.  and  the  profits,  if  any,  would  be  small. 
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Further  uses  for  sulphuric  acid  ma;  be  developed  and 
if  the  output  rises  to  several  tons  per  day  it  can  be  manufac- 
tured locally  more  cheaply  than  it  can  be  imported.  The  essen- 
tial question  in  each  case  will  be  whether  the  article  to  be 
manufactured  can  stand  a  charge  of  even  |  anna  per  lb.  for 
sulphuric  acid  or  whether  it  would  not  be  more  cheaply  manu- 
factured by  ti-ansporting  the  other  ingredients  or  materials  to 
Madras  or  elsewhere  where  the  acid  could  be  made  still  more 
cheaply  in  larger  quantities.  Each  case  has  to  be  considered 
on  its  individual  merits  and  the  following  may  be  taken  as  an 
illustration. 

EPSOM  SALT. 

There  is  a  certain  demand  for  crude  Epsom  Salt  in  India 
part  of  which  is  satisfied  by  manufacture  in  India.  Pre-war 
prices  have  been  quoted  at  Rs.  3  to  4  per  cwt.  in  Bombay 
and  up  to  Bs.  6  or  7  in  Madras.  At  present  (1916)  prices  may 
be  from  Bs.  10  to  13  per  cwt. 

It  has  been  suggested  that  the  Mysore  magnesite  should 
be  utilized  and  some  excellent  samples  of  Epsom  Salt  have  been 
prepared  in  the  Chemistry  Department  of  the  Indian  Institute 
of  Science,  Bangalore. 

The  commercial  aspect  may  be  roughly  summarized  as 
follows: — 

Epsom  Salt  (MgSO^,  7  H2O)  contains  about  16}  per  cent 
of  magnesia  (MgO)  and  the  Mysore  magnesite  contains  about 
45  per  cent  of  magnesia. 

One  cwt.  of  Epsom  Salt  requires  approximately: — 
42  lbs.  of  magnesite. 
47  lbs.  sulphuric  acid. 
The  cost  of  these  materials  in  Bangalore  may  be  put  at: — 
42  lbs.  magnesite  at  Bs.  15  per  ton =4}  annas. 
47  lbs.  sulphuric  acid  at  1}  to  2  as.  per  lb.=Bs.   4-4-0 
to  Bs.  6. 
The  raw  materials  amount  therefore  to  from  Bs.  4-8-0 
to  Bs.  6-4-0  per  cwt.  of  Salt  and  the  latter  figure  or  higher 


155 

would  apply  at  the  present  time.  These  figures  more  or  less 
correspond  to  the  quoted  sale  values  in  normal  times  and  leave 
little  or  nothing  for  costs  of  manufacture,  transport  and 
profit. 

Another  useful  way  to  consider  the  matter  is  to  compare 
the  effect  of  taking  the  magnesite  to  Bombay  or  Madras  and 
doing  the  work  there.  This  would  add  some  4  to  12  annas  to 
the  cost  of  the  magnesite,  but  the  sulphuric  acid  would  pro- 
bably be  reduced  to  }  or  |  anna  per  lb.  and  the  total  cost  of 
raw  materials  would  be  2  or  3  rupees  less  per  cwt.  of  Salt  than 
in  Mysore  and  competition  seems  out  of  the  question. 

It  has  been  suggested  that  makers  of  aerated  waters 
might  use  magnesite  instead  of  sodium  carbonate,  with  sul- 
phuric acid,  for  producing  carbonic  acid  and  sell  the  resulting 
Epsom  Salt  as  a  bye-product.  They  may  be  prepared  to  con- 
sider this,  as  the  value  of  the  Epsom  Salt  would  largely  pay 
for  the  sulphuric  acid  while  the  increased  cost  of  manufacture 
would  be  offset  by  the  saving  in  cost  of  magnesite  as  compared 
with  sodium  carbonate. 

If  local  demand  and  production  of  sulphuric  acid  can  be 
developed  so  as  to  bring  its  cost  down  to  about  ^  an  anna  per 
lb.,  the  position  would  be  materially  altered. 

LIME. 

Lime  is  said  to  be  required  by  many  of  the  Mysore  soils 
and  a  note  on  the  prospects  of  obtaining  crushed  limestone 
or  burnt  lime  for  agricultural  purposes  will  be  found  in  the 
Section  on  Limestone,     (pp.  177  and  181.) 

The  mineral  Apatite,  which  is  a  phosphate  of  lime,  is 
much  sought  after  as  a  source  of  superphosphate  for  agricul- 
tural use  for  which  purpose  it  is  collected  and  treated  with 
sulphuric  acid  which  decomposes  it  into  gypsum  and  calcium 
superphosphate.  It  occurs  as  an  accessory  mineral  in  many 
rocks,  but  no  commercially  valuable  occurrence  has  been  located 
in  Mysore.  About  5  miles  east  of  Ghannarayapatna,  Hassan 
District,  a  small  vein,  about  9  inches  thick,  of  the  mineral  was 
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found  many  years  ago,  but  the  quantity  was  insignificant  and 
no  further  supplies  have  been  found. 

Large  quantities  of  lime  are  now  being  used  in  America 
and  Europe  for  the  production  of  calcium  carbide  and  calcium 
cyanamide.  The  latter,  which  in  its  commercial  form  is  called 
"  nitrolim  "  or  "  lime-nitrogen  *\  is  used  directly  as  a  fertilizer 
and  might  prove  of  considerable  use  in  Mysore  where  the 
soil  is  deficient  in  lime.  Dr.  Coleman,  Director  of  Agricultnre» 
and  Mr.  H.  V.  Krishnayya,  Chemist  to  the  Departments  of 
Oeology  and  Agriculture,  have  been  making  enquiries  and  ex- 
periments on  this  point  and  the  possibility  of  obtaining  the 
materials  and  making  the  cyanamide  in  Mysore  has  been  re- 
ferred to  this  Department  for  opinion. 

The  following  note  has  been  prepared  pn  the  scanty  in- 
formation available  here  and  further  enquiries  are  being  made. 

Calcium  Cyanamide. 

For  many  years  the  world  has  been  supplied  with  enormous 
quantities  of  sodium  nitrate  from  the  celebrated  deposits  in 
Chile.  This  material  is  valued  mainly  on  account  of  its  nitrogen 
and  is  used  largely  as  a  fertilizer  as  well  as  for  the  production 
of  nitric  acid  and  ammonia.  It  is  recognised  that  the  deposits 
are  by  no  means  inexhaustible  and  that  with  the  increasing 
demand  for  fertilizers  for  agricultural  purposes  the  supply  of 
nitrogen  from  this  source  cannot  be  expected  to  last  for  many 
years.  Much  attention  has  therefore  been  paid  to  the  artificial 
production  of  compounds  containing  nitrogen  in  a  form  sui- 
table for  agricultural  purposes  and  of  these  the  principal  source, 
which  is  an  increasing  one,  is  the  utilization  of  the  ammonia 
which  is  produced  as  a  bye-product  during  the  distillation  of 
coal  for  the  production  of  gas  and  coke.  The  ammonia  is 
converted  by  the  aid  of  cheap  sulphuric  acid  to  ammonium 
sulphate  in  which  form  it  is  used  as  a  fertilizer. 

In  recent  years  numerous,  more  or  less  successful,  attempts 

have  been  made  to  extract  nitrogen  from 

PI  xatlon  of  atmospnere  .  . 

nitroffcn,  the   atmosphcrc   in    which   it    exists  in 
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practically  unlimited  quantities,  and  to  fix  it  in  combination  with 
other  elements  in  a  form  suitable  for  distribution  and  use  as 
a  fertilizer.    Two  main  types  of  processes  are  employed,  viz. : — 

(1)  The  direct  combustion  of  the  nitrogen  and  oxygen 
of  the  atmosphere  in  the  electric  arc  which  results  in  the 
formation  of  various  oxides  of  nitrogen  which  are  converted 
subsequently  into  nitric  acid ;  and 

(2)  The  combination  of  the  nitrogen  of  the  air  with 
metals  or  carbides  of  which  one  of  the  most  important  products 
is  Calcium  Cyanamide, 

Of  the  first  group  or  arc  processes  it  is  not  necessary  to 
say  anything  here.  The  efficiency  of  these  processes  is  stated 
to  be  very  low  and  relatively  large  amomits  of  very  cheap  elec- 
tric power  are  required.  Under  present  conditions  it  would 
seem  that  they  caft  be  conducted  on  a  commercial  basis  only 
in  places  such  as  Norway  where  abnormally  cheap  power  can  be 
obtained  in  large  quantity.  The  comparatively  high  rates 
obtainable  in  Mysore,  even  under  the  most  favourable  condi- 
tions, would  seem  to  create  an  insuperable  bar  to  the  adoption 
of  any  such  processes  here. 

In  the  case  of  the  cyanamide  process  the  amount  of  power 
required  is  very  much  less,  per  unit  of  nitrogen  combined, 
than  in  the  arc  processes  and  a  higher  rate  for  power  is  permis- 
sible. It  may  be  worth  while  therefore  to  discuss  briefly  the 
general  features  of  this  process  under  conditions  which  may 
be  expected  to  obtain  in  Mysore. 

The  process  may  be  outlined  as  follows,  but  the  reactions 

are  by  no  means  as  simple  as  the  equa- 
tions  given  would  seem  to  suggest.  A  mix- 
ture of  burnt  lime  and  coke  is  heated  in  electric  furnaces  with 
the  production  of  Calcium  Carbide. 

'  CaO      +       30       =      OaOa       +     00 
(lime)  (carbon)        (carbide) 

The  carbide  is  very  finely  ground — an  operation  which  is 

attended  with  considerable  risk  of  explo- 
sion — and  is  brought  into  contact  with 
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nitrogen  obtained  from  liquid  air.  The  reaction  takes  place 
in  small  retorts  and  the  product  is  Caieium  CyananUde^  or 
"nitrolim**  as  it  is  sometimes  called.  The  reaction  may  be 
outlined  thus : — 

CaC,    +     2N     =         CaCN,         +         C 

(cyanamide)  (graphite) 

A  number  of  other  reactions  take  place  and  the  commercial 
cyanamide  or  nitrolim  is  said  to  contain  57  to  63  per  cent  cyana- 
mide ;  14  per  cent  graphite ;  20  per  cent  lime  and  7  to  8  per  cent 
silica  and  oxides  of  iron  and  aluminium.  The  total  nitrogen 
content  is  20  to  22  per  cent. 

The  Cyanamide  is  ground  and  treated  in  various  ways 
and  placed  on  the  market  as  a  fertilizer. 

Ammonia  can  be  produced  at  a  small  additional  cost,  by 

subjecting  wet  Cyanltmide  to  heat  and 
pressure  thus: — 
CaCN,     +     3HaO     =     2NH3     +     CaCO, 

(ammonia) 
Cyanamide  for  fertilizing  purposes  is  quoted  in  Madras 

at  about  Bs.  180  per  ton  and  we  may 
now  consider,  with  such  general  infor- 
mation as  we  have  at  our  disposal,  whether  there  is  any 
prospect  of  commercial  production  in  Mysore  and  the  main 
controlling  factors  and  points  on  which  further  information 
is  required. 

It  is  stated  that  very  high  grade  carbide  is  required  and 

this  means  the  use  of  high  grade  lime 
and  coke.  As  pomted  out  m  another 
section,  we  know  of  no  high  grade  limestone  in  Mysore 
and  it  is  not  known  whether  the  lime  which  we  could 
produce — containing  about  85  per  cent  of  CaO — could  be 
economically  used  or  whether  the  resulting  carbide  would 
nitrify  satisfactorily.  It  would,  at  any  rate,  be  less  economical 
than  a  purer  material  and  the  final  cost  per  unit  of  nitrogen 
fixed  would  rise  accordingly.  The  next  point  is  the  supply  of 
carbon.    We  have  no  coal  or  coke  in  Mysore  and  Indian  coke 
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would  be  expensive  and  impure.  On  the  other  hand  we  have 
charcoal,  the  purity  of  which  is  very  high,  but  it  is  not  known 
if  it  could  be  used  for  making  carbide.  We  believe  that 
charcoal  has  not  been  used  hitherto,  but  it  is  probable  that  a 
suitable  process  and  furnace  could  be  devised. 

The  most  important  factor  of  cost  is  that  of  electric 

power  and  it  is  stated  that  Cyanamide 

Power  reqttired.  .  x     •       -n  -xi        xi_ 

cannot  compete  m  Europe  with  other 
nitrogen  fertilizers  if  the  power  costs  more  than  £S  per  H.  P. 
year.  In  Mysore  power  costs  about  AlO  per  H.  P.  year,  but 
it  is  possible  that  in  future  some  surplus  power  may  be 
available  at  much  cheaper  rates  in  the  neighbourhood  of 
the  generating  stations.  We  understand  that  about  f  of  a 
H.  P.  year  is  required  for  the  production  of  a  ton  of  carbide 
and  a  total  of  about  J  a  H.  P.  year,  or  3,267  K.  W.  hours,  for 
a  ton  of  Cyanamide.  For  the  purpose  of  a  rough  estimate  we 
assume  that  about  §  of  a  ton  of  lime  and  |  a  ton  of  charcoal 
will  be  required  per  ton  of  Cyanamide. 

Materials  and  power  would  be  as  follows : — 

Rs. 
3,267  K.  W.  hours  at  0*2  annas  per  unit     ...     41 
electrodes  ...  ...  ...     10 

§  ton  of  lime  at  Es.  21  ...  ...     14 

}  ton  of  charcoal  at  Bs.  25        ...  ...     12*5 


Total         ...     77-5 


If  power  was  available  at  O'l  anna  per  unit  this  total 
would  reduce  to  Es.  57  and  these  figures  show  clearly  the 
supreme  importance  of  the  power  charges. 

A  plant  to  produce  10,000  tons  a  year  would  require 

5,000  H.  P.  and  though  we  have  little 

Cost  of  Production.  .    ^  . .         . 

miormation  to  go  on  we  may  assume 
some  figures  for  other  essential  items  and  frame  the  following 
tentative  estimate. 
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Tablb  23. — Bough  estimate  of  cost  per  to7i  of  Cyanamide, 


Power 

Materials   ... 

Labour 

Supervision  and  Management 

Interest  and  depreciation 

Repairs,  sundries,  etc.  ... 


Bs. 
20-5  to  41 
36-5 
20 

5 
16 
10 


Total 


107  to  127-6 


If  the  value  of  imported  Cyanamide  remains  at  anything 
like  Rs.  180  a  ton  it  looks  as  if  there  might  be  some  chance 
for  a  local  production  if  the  cost  of  power  can  be  kept  within 
the  limits  indicated.  We  must  remember  however  that 
owing  to  the  impurities  in  the  limestone  the  resulting  product 
will  be  lower  in  nitrogen  and  less  valuable  than  the  imported 
article,  perhaps  20  to  25  per  cent  lower,  and  that  we  have  still 
to  find  out  whether  it  is  possible  to  make  a  saleable  product 
at  all  with  the  materials  at  our  disposal.  The  subject  is  at 
any  rate  worth  attention  and  even  if  our  lime  should  prove 
quite  unsuitable  for  this  purpose  the  cost  of  lime  is  such  a 
small  item  that  it  might  be  possible  and  even  advantageous  to 
import  a  high  class  lime  for  the  purpose. 

EARTH   SALT  AND   EARTH   SODA. 

An  impure  salt  is  prepared  in  many  parts  of  the  State 

from  the  saline  alluvium  and  soils 
which  are  found  along  water  courses 
and  in  tank  beds,  chiefly  in  the  gneissic  country.  These  saline 
materials  occur  in  many  parts  of  the  State  and  chiefly  along 
the  course  of  the  Vedavati  river  and  its  tributaries  in  the 
Chitaldrug  and  Tumkur  Districts  and  along  the  Mugur  river 
in  the  Gundlupet  Taluk  of  the  Mysore  District. 
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The  salt  earth  is  collected  chiefly  during  the  dry  months 
of  the  year  between  January  and  April  and  is  lixiviated  with 
water  in  wooden  tubs  or  vats.  The  brine  is  run  off  into  shal- 
low pans  in  which  the  salt  crystallizes  out  as  the  water  is 
evaporated  by  the  sun. 

The  salt  finds  a  local  market  and  is  usually  fairly  impure 
containing  variable  amounts  of  soda,  lime,  magnesia  and  clay 
or  sand.  The  production  is  variable  and  usually  small  and 
probably  does  not  exceed  a  few  hundred  tons  in  a  year.  The 
price  varies  according  to  quality  from  about  Es.  2  to  Bs.  10 
per  cwt.,  the  average  being  about  Es.  3  or  4. 

In  some  places  there  is  a  saline  efiSorescence  which  is  dis- 
tinctly alkaline  owing  to  the  presence 
of  sodium  carbonate.  The  principal 
localities  are  in  the  neighbourhood  of  Mandya  and  in  the 
Taluks  of  Hosdurga,  Hiriyur  and  Challakere.  The  best 
material  occurs  as  a  thin  white  efflorescence  which  appears 
on  low  lying  ground  which  has  been  saturated  or  water-logged 
during  the  rainy  season.  The  surface  layer  carrying  the 
efflorescence  is  scraped  off  during  the  months  of  January 
and  February  and  may  contain  from  5  to  12  per  cent  of 
sodium  carbonate  with  varying  amounts  of  sodium  chloride, 
the  remainder  being  sand.  This  material  is  known  as 
dhohy's  earth  and  is  used  for  washing  clothes.  Some  years 
ago  this  earth  used  to  be  lixiviated  with  water  and  the  solution 
evaporated  in  shallow  pans  made  of  clay  or  chunam  smoothed 
over  with  cow-dung.  Successive  solutions  were  poured  into 
the  pan  and  evaporated  until  a  cake,  about  ^  an  inch  thick, 
was  formed.  This  was  then  broken  up  and  sold  as  soda  cake. 
For  some  years  past  the  production  of  soda  cake  in  Mysore 
has  been  abandoned,  but  considerable  quantities  are  imported 
from  the  Anantapur  District.  A  sample  of  this  cake  (Vide 
Table  24,  No.  1)  gave  about  40  per  cent  of  sodium  carbonate 
and  20  per  cent  of  salt  and  is  fairly  impure. 

The  cake  is  said  to  be  worth  Bs.  2-2-0  to  2-4-0  per  cwt. 
at  Penukonda  and  Bs.   4-0-0  to  4-8-0  in  Bangalore.     Th^ 

M.K.M.  M 
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increase  in  price  for  Bangalore  seems  very  high  even  allowing 
for  packing  and  transport  and  it  is  difficult  to  understand  why 
it  should  command  such  a  high  price  when  good  imported 
soda  ash  can  be  obtained  for  about  Rs.  5  per  cwt. 

A  number  of  samples  of  the  earth  have  been  collected 
departmentally  from  the  Mandya  area  and  these  are  being 
experimented  with  in  the  Chemistry  Department  of  the  In- 
dian Institute  of  Science.  A  number  of  analyses  kindly 
furnished  by  the  Institute  are  given  in  Table  24  and  the 
following  information  about  them  may  be  of  interest. 

Numbers  2  and  3  were  collected  from  small  areas  in  the 
month  of  December  and  represents  the  fresh  incrustation  after 
the  previous  rains.  In  collecting  it  some  sand  is  necessarily 
taken  up  and  samples  show  from  6^  to  12  per  cent  of  sodium 
carbonate  (Nag  CO3)  with  remarkably  little  salt  (NaCl).  This 
result  was  interesting  and  encouraging  and  further  samples 
were  obtained  from  a  much  wider  area,  during  March,  most  of 
which  have  not  been  dealt  with  yet. 

Numbers  4  to  7  form  a  series  from  one  place  by  taking 
off  successive  layers  of  material.  It  will  be  seen  that  the 
bulk  of  the  soda  is  in  the  top  layer,  one  inch  thick,  and  that 
there  is  considerable  concentration  in  the  topmost  crust  which 
averages  about  ^th  of  an  inch  in  thickness. 

It  is  noteworthy  that  the  relative  proportion  of  salt  has 
greatly  increased  in  comparison  with  samples  2  and  3.  The 
significance  of  this  has  not  been  determined,  but  it  is  stated 
that  the  top  soda-bearing  layer  had  already  been  removed 
once,  earlier  in  the  year,  and  that  there  is  a  tendency  for  the 
subsequently  formed  incrustation  or  efflorescence  to  contain 
relatively  more  salt.  In  fact  there  are  a  number  of  salt  pans 
in  the  area  and  the  earth  or  sand  is  used  for  production  of  salt 
after  the  top  layer  has  been  removed  for  use  as  earth-soda. 

Sample  No.  8  represents  about  2  tons  of  surface  scrapings 
collected  during  March.  It  is  possible  that  had  the  samples 
been  collected  earlier  in  the  season  the  proportion  of  salt 
woi^ld  have  been  lower, 
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There  is  evidentl}'  room  for  much  further  enquiry  as  to  the 
conditions  of  occurrence  and  the  composition.  In  the  mean- 
time advantage  will  be  taken  of  the  facilities  afforded  by  the 
Institute  of  Science  to  have  a  bulk  test  made  of  the  product 
obtainable  from  No.  8. 

It  has  not  been  possible  to  obtain  any  reliable  information 
as  to  the  amount  of  alkaline  earth  annually  available.  In  a 
few  places  from  100  to  200  cart  loads  are  said  to  be  removed  per 
annum  and  altogether  the  Mandya  area  might  yield  one  <^ 
two  hundred  tons  of  the  earth  a  year.  If  we  take  an  average 
recovery  of  5  per  cent  of  sodium  carbonate  the  latter  would 
amount  to  some  5  to  10  tons.  This  is  at  present  a  mere 
guess,  but  it  is  hoped  to  get  further  information.  The  chief 
difficulty  to  be  faced  will  be  the  proper  collection  of  material 
and  the  expense  of  carting  small  lots  from  a  radius  of  several 
miles  and  we  cannot  say  at  present  whether  these  will  prove 
prohibitive  features. 
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lll«    materials  ror  Construction,  etc. 

LIME   KANKAB. 

Lime  kankar  is  a  concretionary  form  of  carbonate  of  lime 
(CaCOs)  and  occurs  in  the  form  of  irregular  nodules  or  nodular 
veins  on  the  weathered  surface  of  gneiss  or  schist  and  in  joints 
and  fissures  to  a  depth  of  several  feet.  As  a  rule,  it  is  not 
associated  with  limestone,  but  a  case  has  been  repo]:ted  from 
Yoblapur  where  the  surface  of  a  limestone  bed  has  been  con* 
verted  into  a  sort  of  porous  kankar.  Ordinarily  it  appears  to 
owe  its  origin  to  the  weathering  of  gneiss  or  schistose  traps 
whereby  the  lime  silicates  are  broken  up  and  the  lime  taken 
into  solution  by  carbonated  waters  from  which  the  carbonate 
of  lime  separates  out  at  or  near  surface  in  nodular  concre- 
tionary forms.  As  might  be  expected  the  kankar  is  usually 
impure  and  contains  included  sand  and  gravel.  When  exca- 
vated and  picked  out  in  large  quantities  the  quality  of  the 
kankar  depends  very  much  on  the  care  with  which  the  nodules 
are  sorted  from  decomposed  rock  and  soil  and  the  grade  of  the 
material  is  very  variable  and  usually  much  below  that  of  care- 
fully selected  samples. 

The  material  is  very  widely  distributed  and  may  be 
found  in  most  taluks  where  it  is  collected  and  burnt  in  small 
pot  kilns  and  used  locally  for  whitewashing,  mortar,  etc* 
Various  analyses  are  given  in  Table  25  and  referred  to  below 
by  their  serial  numbers.  In  some  places  large  quantities  have 
been  obtained  and  exported.  Of  these  some  of  the  principal 
ar6  in  the  Mandya  Taluk.  From  Sindlagiri  (No.  1)  it  is 
reported  that  50  or  60  waggons  used  to  be  railed  to  Bangalore 
every  month  and  also  considerable  quantities  from  the  banks 
of  the  Hebhalla.  The  kankar  was  mostly  of  poor  quality  and 
the  supply  of  good  material  now  available  is  said  to  be  small  land 
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much  of  the  kankar  used  in  Bangalore  is  said  to  be  obtained  from 
the  Salem  District  (Nos,  2  and  3).  Small  quantities  of  super- 
ior kankar  are  obtained  from  Mardevanhalli  and  Malchakanhalli 
in  the  Mandya  Taluk  (Nos.  4  and  5)  and  are  used  for  chunam. 
Other  places  where  fairly  large  quantities  are  obtained  are 
Honnali,  Birur,  Hiriyur,  Hole-Narsipur  and  various  parts  of 
the  Hunsur  and  Gundlupet  Taluks.  A  large  deposit  was 
found  close  to  thB  site  of  the  Marikanave  dam  from  which  the 
whole  of  the  lime  required  for  the  dam  was  obtained  (No.  6) 
and  at  the  present  time  large  quantities  are  being  obtained 
within  a  radius  of  12  miles  from  the  Kannambadi  dam  and 
used  in  its  construction  (Nos.  7  to  12).  The  analyses  given 
in  Table  25  show  that  the  material  is  very  variable  in  com- 
position and  it  is  improbable  that  the  burnt  kankar  will  contain 
more  than  about  65  per  cent  of  lime  (CaO)  on  the  average  and 
in  many  cases  much  less.  No.  13  is  an  analysis  of  burnt 
kankar  from  Birur.  The  clayey  and  sandy  impurities  are  not 
altogether  useless  as  they  serve  to  impart  a  certain  amount  of 
hydraulicity  to  the  lime,  but  they  increase  the  collection  and 
burning  charges  per  unit  of  lime.  The  chief  defect  of  kankar 
is  its  great  variability  and  though  this  may  not  be  of  much 
moment  in  mortar  or  surki-mortar  used  for  ordinary  building 
purposes  it  would  be  very  detrimental  for  high  class  structural 
work,  feiTO-concrete  or  the  production  of  a  cement  of  any 
standard  quality. 

The  cost  of  lime  burnt  from  kankar  depends  very  largely 

on  the  cost  of  collecting  and  sorting  the 
c«.t  of  burnt  lime.  kankar  and  the  cost  of  fuel.     Table  26 

gives  the  cost  of  kankar  at  various  points. 

The  cost  of  casuarina  charcoal  at  Bangalore  is  Es.  30  per  ton. 

The  cost  of  ordinary  charcoal  at  Kannambadi  is  Rs.  30 
per  ton. 

The  cost  of  ordinary  charcoal  at  Marikanave  is  Rs.  15-5 
per  ton. 

The  cost  of  ordinary  charcoal  chips  and  cowdung  at 
Birur  is  about  Rs.  20  per  ton. 
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Table  26. — Cast  of  kankar  per  ion. 


Cost  delivered  r^^itig  ^nd      Unloading 
I>xality  of  deposit  at  Railway      raQ  charges      and  carting 

Station         to  Bangalofe         lo  kilns 


Total 


Maddar 

Mandya 

Morappor  and  Samal- 
patti  (Salem  I. 

Mankanave 

Kannambadi 

Bimr 


Rs.  a.  p. 
1  13  4 
1  10  b 
14    0 


Rs.  a.  p. 

1  151    0 
9    1    4 

2  3    5 


Rs.  a.  p. 
0  9  4 
0  9  4 
0    9    3 


Rs.  a.  p. 
4  3  8 
4  6  4 
4    0    7 

14    6 

2  8    0 
to 

3  0    0 

4  0   0 


Table  27  gives  the  approximate  costs  of  burnt  lime  per 
ton,  but  reliable  figures  are  difficult  to  obtain. 


Table  27.— ( 

Cost  of  burnt  lime  per  ton. 

Banga] 

ore 

Marikanave 
Coet 

Rs.  a.  p. 
17    0 
3  12    0 
15    0 

Kannam- 
hadi 

Cost 

Bimr 

!       Quantity 

Cost 

Cost 

Kankar 

Fuel 

Charges  for 
homing. 

Upkeep  of  kiln 

Tons,    cwts 
1       10 
0       3i 

•    •  ■  •  « 

Rs.  a.  p. 
6    4    6 
5  10    0 
1  10    7 

0    6    8 

Rs.  a.  p. 
3  14    0 
9    4    0 
16    6 

Rs.  a.  p. 
5    0    0 
5    0   0 

1  14    0 

» 

Total 

13  15    9 

6    8    0 

14    8    6 

11  14    0 

These  figures  are  given  for  the  purpose  of  discussing  in 
the  next  section  whether  it  is  possible  to  replace  any  of  this 
material  by  lime  burnt  from  limestone.  I*or  local  use  and  in 
special  cases  where  kankar  and  fuel  are  available  close  at  hand 
as  at  Marikanave  it  is  not  likely  to  be  possible  to  furnish  an 
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equally  cheap  substitute.  In  other  cases  it  will  be  largely  a 
question  of  the  extent  of  the  demand  and  the  suitability  of  the 
product  for  the  purpose  required.  It  must  be  remembered 
that  the  lime  burnt  from  kankar  is  very  variable  and  contains 
a  large  proportion  of  impurity  and  that  for  many  purposes  it 
would  be  advantageous  to  pay  somewhat  more  for  a  uniform 
material  richer  in  quick-lime. 

LIMESTONE. 

A  large  number  of  bands  of  limestone  have  been  located 

the  distribution  of  which  is  shown  on  the 

DI«tribatioii.  ,   ,,  -i.  #  • 

map  and  the  composition  of  various  speci- 
mens and  samples  is  given  in  Tables  28  and  29.  In  referring 
to  these  the  serial  number  of  the  analysis  will  be  given  in  brac- 
kets. Starting  from  the  north  there  are  some  bands  running  E 
and  W  to  the  north  of  Honnali  of  which  we  have  no  analyses. 

To  the  north  of  Kumsi  there  are  several  bands  of  magne- 
sian  limestone  which  are  much  gashed  and  veined  with  quartz. 
A  large  amount  could  be  obtained  by  sorting  and  dressing 
which  would  be  low  in  silica  (No.  1),  but  probably  not  so  low 
on  the  average  as  the  specimen  analysed.  Somewhat  similar 
material  occurs  on  the  north  spur  of  Shankargudda  (No.  2). 
Near  Bikonhalli,  north  of  Shimoga,  there  are  large  masses 
of  very  siliceous  magnesian  limestone  (No.  3)  and  in  the 
schists  between  Channagiri  and  Tarikere  there  are  many  out- 
crops of  similar  material  (Nos.  4  to  8).  In  this  area  the  lime- 
stones are  often  interbanded  with  chlorite  schist  and  amongst 
them  are  comparatively  small  patches  of  purer  non-magnesian* 
limestone  such  as  that  represented  by  (No.  9). 

From  here  we  may  pass  east  to  the  western  side  of  the 
Chitaldrug  schist  belt  in  which  a  very  extensive  series  of  lime- 
stone bands  occur  from  the  neighbourhood  of  the  Marikanave 
lake  and  continue  southwards  past  Huliyar,  Chiknayakanhalli 
and  Dodguni.  As  will  be  seen  from  the  analyses  these  bands 
consist  of  various  calcium  and  magnesian  limestones  some  of 
which  are  fairly  low  in  silica. 
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Further  to  the  south  we  get  one  or  two  small  patches  ot 
magnesian  limestone  at  Kannambadi  (Nos.  16  and  17),  a  large 
band  of  magnesian  limestone  to  the  west  of  Chettanhalli  (No. 
18)  and  another  12  miles  south  of  Sargur — all  in  the  Mysore 
District. 

The  origin  of  the  limestones  is  doubtful.  It  has  been 
suggested  that  many  of  them  are  not  of  sedimentary  origin  nor 
aqueous  precipitates  but  due  to  intense  calcification  of  trap 
and  schist  {vide  Bulletin  No.  6). 

The  analyses  given  in  Table  28  show  the  compoeition  of 
^  ^  various   specimens  collected   during   the 

*•■••  course  of  survey  work  and  those  m  Table 

29  show  the  composition  of  larger  samples  taken  in  certain 
areas.  Broadly  speaking  these  limestones  fall  into  two  class- 
es according  to  whether  they  contain  much  or  little  magnesia. 
The  dividing  line  between  these  two  classes  is  usually  taken 
at  5  per  cent  of  MgO  in  the  burnt  lime  or  from  2^  to  3  per 
cent  in  the  raw  limestone.  Those  with  less  than  these  amounts 
are  classed  as  "  high-calcium  "  and  those  with  more  as  '*  mag- 
nesian "  limes  or  limestones.  In  Mysore  by  far  the  larger 
part  of  the  limestone  in  magnesian  with  about  15  per  cent  of 
MgO  and  varying  between  10  per  cent  and  18  per  cent  and 
these  might  be  classed  as  Dolomite  with  variable  amounts  of 
silica  and  other  impurities.  For  convenience  we  will  refer  to 
them  as  dolomite  and  retain  the  word  limestone  for  rocks 
containing  less  than  about  3  per  cent  of  MgO.  From  the 
analysis  it  will  be  seen  that  the  two  classes  are  fairly  sharply 
separated  and  that  varieties  with  intermediate  amounts  of 
MgO  have  not  been  found  so  far. 

Unfortunately  the  two  classes  of  rock  do  not  appear  to 
occur  in  well  defined  beds  and  do  not  present  much  difference 
in  aspect  with  the  result  that  chemical  analysis  is  usually 
necessary  to  distinguish  them. 

In  the  Yoblapur  area,  where  a  large  number  of  samples 
have  been  collected,  the  two  varieties  occur  in  somewhat  irre- 
gular zones  or  patches  of  considerable  extent  and  it  should  be 


J71 

possible  to  obtain  large  quantities  of  either  variety  at  will. 
The  limestone  of  this  area  is  represented  by  analyses  23  to  28 
containing  an  average  of  about  50  per  cent  CaO  and  7  per  cent 
insoluble  residue.     Of  the  latter  about  5  per  cent  is  Si02. 

The  dolomite  is  represented  by  analyses  29  to  82  and  the 
greater  part  of  it  contains  less  than  2  per  cent  insoluble  resi- 
due, about  46  per  cent  of  CaO+MgO  and  5  per  cent  Fea03+ 
Al^Oa  and  should  be  very  suitable  as  a  furnace  flux.  In  the 
southern  extension  of  this  area  near  Dodguni  the  varieties  are 
more  mixed  and  often  siliceous  and  the  high-calcium  lime- 
stones, as  represented  by  analyses  13  and  34,  are  in  compara- 
tively small  patches  the  mining  of  which  would  be  possible 
only  for  moderate  quantities  of  high  class  material  for  special 
purposes. 

The  material  from  the  Huliyar  area  (19  to  22)  does  not 
appear  to  be  so  good  as  that  from  Voblapur.  The  rock  from 
the  Channagiri-Tarikere  schists  and  from  Bikonhalli  is  most- 
ly very  siliceous  dolomite  (3  to  8).  It  is  mostly  fine  grained 
with  the  quartz  and  silicates  intimately  distributed  through 
the  mass  and  some  of  it  might  possibly  be  suitable  as  a  natu- 
ral cement  rock.  This  has  not  been  tested  and  success  seems 
very  doubtful  owing  to  variation  in  composition  and  to  the 
large  number  of  granules  and  veinlets  of  quartz  which  are 
clearly  perceptible  under  the  microscope. 

In  many  areas  the  limestones  are  much  mixed  with 
shreds  of  quartz  and  schist  and  also  veined  with  quartz  and 
the  material  is  practically  useless  as  a  source  of  lime.  Some 
of  the  dolomitic  bands  to  the  north  of  Kumsi  are  much  gash- 
ed or  veined  with  quartz,  but  the  veins  are  of  sufficient  size 
and  definiteness  to  permit  of  being  hand  picked  if  it  was  found 
necessary  to  use  the  dolomite  as  a  flux  in  that  area. 

On  the  whole  the  materials  from  the  Voblapur  area, 
which  is  within  about  12  miles  of  the  railway,  appear  to  be 
the  most  promising  for  the  production  of  either  limestone  or 
dolomite  in  large  quantities. 

So  far  as  tested  at  present,  these  materials  possess  the 
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defect  of  burning  to  a  brown  colour  and  do  not  yield  a  white 
lime.  This  is  immaterial  for  some  purposes  such  as  fluxing, 
production  of  surki  mortar,  cement,  etc.,  but  evidently  bars 
their  use  for  finishing  purposes,  chunam,  whitewash,  etc. 
The  analyses  show  that  comparatively  little  iron  is  present, 
especially  in  the  high-calcium  v^^rieties,  but  it  is  probable  that 
an  appreciable  quantity  of  manganese  is  present  which  has 
not  been  determined. 

USE    OP   THE   LIMESTONES. 

Up  to  the  present  the  limestones  and  dolomites  have  not 
been  used.  All  the  lime  hitherto  used  has  been  made  from 
kankar  as  already  explained  and  it  is  not  difficult  to  account 
for  this  preference.  Kankar  is  obtainable  almost  anywhere 
in  tbe  small  quantities  required  for  local  use.  It  can  be 
picked  up  on  surface  or  dug  out  from  soft  material  to  a  depth 
of  a  few  feet  and  requires  no  blasting  or  breaking  and  is 
easily  burnt  in  small  pot  or  trough  kilns  with  local  fuel. 
Limestone  on  the  other  hand  is  much  less  widely  distributed ; 
it  is  a  hard  rock  requiring  much  blasting  and  breaking  and 
unless  the  quarrying  and  burning  is  done  on  a  considerable 
scale  with  trained  labour  the  lime  would  undoubtedly  be  more 
f^xpensive  than  that  from  the  local  kankar. 

If  the  limestones  are  to  be  brought  into  use  it  will  be 
necessary  to  ascertain  that  they  are  suitable  for  various  pur- 
poses and  that  a  large  and  steady  demand  can  be  secured 
permitting  of  the  erection  at  some  one  place  of  the  necessary 
kilns,  plant,  tram-lines,  etc.,  and  the  employment  of  skilled 
supervision  and  labour.  The  following  notes  are  merely  sug- 
gestive of  the  possibilities  which  require  technical  investiga- 
tion. There  are  grounds  for  thinking  that  supplies  of  kankar 
are  not  as  abundant  nor  as  good  in  quality  as  they  have  been 
in  the  past.  Petty  local  supplies  will  no  doubt  be  available 
for  many  years,  but  the  fact  that  large  quantities  are  now 
imported  into  Bangalore  and  the  Kolar  Gold  Field  from 
^alem  while  the  supplies  from  Mandya  have  correspondingly 
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diminished  seems  to  point  to  exhaustion  of.  the  better  class  of 
local  material.  Again,  it  is  stated  that  large  quantities  of 
lime  will  be  required  for  the  second  stage  of  the  Kannambadi 
dam  and  that  the  supply  from  the  surrounding  area  is  likely 
to  prove  insnfBcient  and  if  this  is  so  the  kankar  will  have  to 
be  obtained  from  greater  distances  at  an  increased  price. 
These  facts  are  noted  as  suggesting  that  the  time  may  not 
be  far  distant  when  we  shall  be  obliged  to  draw  upon  our 
limestones  for  supplies  of  lime  to  large  centres  and  large 
works  and  the  desirability  of  investigating  the  possibilities 
of  doing  so. 

The  quarrying  of  hard  limestone  in  small  quantities  by 

inefficient  local  labour  would  probably 
cost  Bs.  2  per  ton  or  more.  Public 
Works  Department  contract  rates  for  excavation  of  granite 
are  usually  Bs.  2-8-0  to  Bs.  3  per  cubic  yard  solid  and  in 
some  cases  the  rate  is  slightly  under  Bs.  2  for  larger  scale 
work.  A  cubic  yard  of  solid  limestone  weighs  about  2  tons  so 
that  the  latter  rate  comes  to  Be.  1  per  ton.  In  a  properly 
organized  quarry  with  good  benches  and  no  stripping  this 
latter  figure  should  be  considerably  improved  upon  and  it  will 
probably  be  ample  to  allow  Be.  1  per  ton  for  limestone 
broken  and  delivered  at  kilns  close  to  the  quarry.  For  1  ton 
of  burnt  lime  1§  tons  of  limestone  will  be  required,  or  2  tons 
allowing  for  loss,  defective  burning,  etc.  This  means  Bs.  2 
for  the  limestone  necessary  to  make  1  ton  of  burnt  lime. 

The  most  suitable  kiln  would  probably  be  a  continuous 

shaft  kiln  using  wood  fuel  in  external 
grates.  Some  coal  might  be  used  and 
there  is  the  possibility  of  a  deficiency  of  wood.  Firewood  can 
be  delivered  at  Voblapur  at  Bs.  6  per  ton,  but  we  will  allow 
Bs.  7  to  give  a  wider  range.  The  quantity  of  wood  required 
is  not  known  exactly,  but  probably  ^  a  ton  would  suffice  per 
ton  of  burnt  lime.  The  railway  is  about  12  miles  from 
Voblapur  and  a  light  feeder  line  would  be  required  on  which 
the  cost  of  transport  and  loading  should  not  exceed  Be.  1. 

M.R.M*  K 
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We  may  roughly  estimate  the  cost  of  the  lime  delivered  on 
the  railway  as  follows : — 

Table  30 — Estimate  of  east  of  burnt  lime  from  limestone. 


2  tons  limestone  at  kilns 

i  ton  firewood 

Labour  and  upkeep  of  kiln 

Transport  and  loading  on  railway 

Total  per  ton  of  lime  (f .  o.  r.)         ...  I       880 


Bs. 

a. 

P- 

2 

0 

0 

3 

8 

0 

2 

0 

0 

1 

0 

0 

In  some  cases  bagging  may  be  necessary  and  this  would 
be  extra. 

Comparing  this  with  the  cost  of  Bs.  14  for  kankar  lime 
at  Bangalore  or  Kannambadi  it  should  be  possible  to  deliver 
the  lime  at  those  places  for  less  than  what  the  kankar  lime 
costs  and  for  much  less  when  the  relative  proportions  of  lime 
(CaO)  are  taken  into  account.  That  burnt  from  kankar  will 
probably  average  not  more  than  65%  of  lime  while  that  from 
the  limestone  will  average  about  86%  including  magnesia. 
One  ton  of  the  latter  should  therefore  be  worth  1^  tons  of  the 
former  if  equally  suitable  in  other  respects.  Lime  sells  in 
Bangalore  for  about  Rs.  18  per  ton  and  1^  tons  will  cost 
Rs.  24  and  the  dilSerence  between  this  figure  and  the  Rs.  8-8-0 
obtained  above  should  leave  a  fair  margin  of  profit  after  pay- 
ing for  supervision,  taxes,  transport  and  sale.  Whether  the 
figures  given  prove  to  be  very  accurate  or  not  the  project 
appears  to  be  worth  serious  investigation.  The  fact  that  the 
lime  is  brown  will  preclude  its  use  for  several  purposes,  but  for 
ordinary  building  pm*pose8,  preparation  of  surki  mortar,  etc., 
there  should  be  a  considerable  demand  amounting  to  several 
thousand  tons  a  year.  For  the  second  stage  of  the  Kannam- 
badi dam  some  48,000  tons  of  kankar  will  be  required  and  it 
will  probably  be  more  difficult  and  expensive  to  supply  this 
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from  kankar  obtainable  in  the  neighbourhood  than  is  the  case 
at  present  when  the  lime  costs  about  Bs.  14  per  ton  as  shown 
above  under  the  head  of  "  Eankar.*' 

Hydrated  lime  is  lime  which  has  been  carefully  slaked 
„  ^      ^ ..  and  sieved  at  the  works  and  does  not  re- 

Hydrated  lime. 

quire  further  slaking  by  the  consumer 
but  merely  mixing  with  water.  It  has  the  advantage  that  it 
can  be  stored  for  a  considerable  time  without  much  deteriora- 
tion and  that  the  erratic  and  uncertain  slaking  usually  per- 
formed at  the  building  site  is  avoided. 

The  manufacture  of  paper  pulp  at  Shimoga  is  under  in- 

vestii^ation  and  if  it  is  undertaken  there 

Uaie  for  iMper  pulp.  ^ 

will  be  a  steady  demand  for  some  3,000 
tons  of  burnt  lime  per  annum.  This  would  give  additional 
work  and  reduce  standing  charges. 

In  considering  further  outlets  for  the  products  of  the 

limestone  quarries  we  may  briefly  refer  to 
the  production  of  cements.  We  have  not 
found  a  natural-cement  rock  near  Voblapur.  Some  of  the 
siliceous  limestones  from  the  Tarikere  area  might  produce  a 
natural  cement — though  we  are  doubtful  about  it — but  that 
would  be  of  no  use  for  a  works  at  Voblapur  where  the  object 
should  be  to  concentrate  as  much  quarrying,  burning  and 
crushing  work  as  possible  in  order  to  secure  a  sufficient  total 
volume  of  business  to  bring  the  standing  charges  down  to 
within  reasonable  limits.  There  is  not  enough  demand  in 
Mysore  in  any  one  line  to  justify  the  erection  of  an  economi- 
cal plant  and  the  employment  of  high  class  supervision,  labour 
and  machinery  and  hence  the  need  for  endeavouring  to  con- 
centrate several  lines  of  work  in  one  place.  For  this  reason 
it  would  probably  be  impossible  to  run  a  commercially  success- 
ful plant  for  making  natural  cement  near  Tarikere  even  if  the 
rock  is  found  to  be  suitable  and  as  already  stated  we  do  not 
know  at  present  of  any  likely  rock  near  Voblapur. 

As  regards  Portland  Cement  no  doubt  the  high  calcium 
limestones  of  Voblapur  could  be  used  and  some  experiments 

M.B.M.  N  2 
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might  be  made  with  the  dolomites  though,  for  reasons  with 
which  we  are  not  acquainted,  the  presence  of  more  than  3  or 
4  per  cent  of  MgO  is  invariably  barred  in  a  Portland  Cemoit 
specification.  In  addition  to  the  limestone  a  suitable  clay  or 
shale  is  required  and  the  presence  of  a  suitable  supply  has  not 
been  investigated  yet.  As  this  Bulletin  is  meant  to  be  sug- 
gestive we  may  briefly  consider  the  possibilities,  but  we  hesi- 
tate to  say  much  about  such  a  technical  and  highly  specialized 
process  as  the  production  of  a  high  class  Portland  Cement. 
The  consumption  in  Mysore  is  small.  We  have  not  got 
figures  but  probably  it  does  not  exceed  a  few  hundred  tons  a 
year  and  there  is  little  chance  for  export.  No  doubt  its  use 
will  increase  and  we  may  make  a  rough  estimate  for  an  out- 
put of  5,000  a  year  for  the  sake  of  argument. 

Table  31 — Estimate  of  cost  of  Portland  Cement. 


1^  tons  limestone  at  Be.  1 

J  ton  dry  clay  at  Bs.  1-8-0  (?)      ... 

Power  for  grinding  raw  materials  and  clinker 

using  coal  at  Bs.  22  per  ton    ... 
Powdered  coal  for  rotary  kiln 
Labour 

Supplies,  repairs,  etc. 
Supervision,  laboratory,  office,  etc. 
Depreciation  10%  on  2^  lakhs     ... 
Interest  5% 
Cost  of  baigs  or  barrels 

Total  per  ton  packed 


Bs. 

a. 

P- 

1 

4 

0 

0 

8 

0 

12 

0 

0 

8 

0 

0 

2 

8 

0 

4 

0 

0 

3 

8 

0 

5 

0 

0 

2 

8 

0 

5 

0 

0 

44     4     0 


Imported  cement  costs  about  Bs.  10  per  barrel  or,  say, 
Bs.  60  per  ton  in  Bangalore  and  even  assuming  that  the 
quality  of  the  Mysore  cement  compared  well  with  that  of  the 
imported  article  there  is  little  margin  for  transport,  sales  and 
profit.  At  present  the  consumption  is  only  a  fraction  of  5,000 
tons  a  year  and  for  such  smaller  amount  the  costs  per  ton 
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'would  go  up  considerably.  On  the  other  hand  if  the  demand 
goes  up  to  any  thing  Uke  the  5,000  tons  on  which  the  estimate 
lias  been  based  there  are  various  reductions  which  might  be 
suggested.  The  most  important  of  these  is  in  the  power  re- 
quired for  grinding,  etc.,  for  which  electricity  might  be  subs- 
tituted for  coal.  If  electric  power  could  be  supplied  at  0'5 
anna  per  unit  the  cost  of  power  should  come  down  to  half  or 
less,  a  saving  of  6  or  7  rupees  per  ton,  and  if  the  work  is  done 
in  conjunction  with  burning  and  crushing  of  limestone  for 
other  purposes  the  charges  for  staff,  depreciation,  etc.,  could  be 
partly  allotted  to  this  other  work  making  a  further  reduction 
of  a  few  rupees  per  ton.  We  might  thus  expect  to  reduce 
costs  to  Bs.  34  or  35  per  ton  as  compared  with  Bs.  60  for  the 
imported  article  and  if  the  cement  was  good  enough  to  sell  at 
Hs.  50  to  60,  profitable  work  should  be  possible.  Cement 
making  is  a  delicate  and  tricky  operation,  but  we  have  shown 
reasonable  grounds  for  a  further  investigation  by  experts. 

In  connection  with  the  iron  smelting  scheme   previously 

referred  to  there  would  be  a  demand  for 
flies  ae  or  ux.  some  5,000  tons  of  limestone  per  annum. 

For  this  purpose  low  silica  is  most  essential  and  as  the  pre- 
sence of  magnesia  is  not  a  serious  detriment  some  of  the  dolo- 
mite from  Voblapur  could  be  used,  as  it  is  much  lower  in  silica 
than  the  limestone.  It  should  be  possible  to  deliver  the  rock 
at  Shimoga  for  about  Bs.  5  per  ton  if  low  freights  are  obtain- 
ed, say  Jth  or  ^^th  of  a  pie  per  maund  per  mile. 

Many  of  the  soils  of  Mysore  are  deficient  in  lime  and  it  is 

worth  while  considering  whether  the 
lime  needed  to  make  good  this  deficiency 
can  be  supplied  at  a  sufficiently  low  price  to  prove  attractive. 
Dr.  C!oleman,  Director  of  Agriculture,  has  furnished  us  with 
information  as  te  what  has  loeen  done  in  this  direction  else- 
where and  has  undertaken  to  have  experimental  tests  made 
with  both  limestone  and  dolomite,  both  burnt  and  finely  ground, 
and  for  this  purpose  about  20  tons  of  rock  have  been  obtained 
and  suitably  prepared.     There  is  still  much  difference  of  opinioi; 
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as  to  the  relative  values  of  burnt  lime  and  ground  limestone 
and  also  as  to  the  effect  of  the  presence  of  magnesia,  bat  there 
is  a  considerable  amount  of  experimental  evidence  tending 
to  show  that  magnesia  is  not  detrimental  and  may  replace  an 
equivalent  quantity  of  lime  and  further  that  the  raw  ground 
limestone  is  as  useful  as  burnt  lime  though  slower  in  action. 
A  greater  weight  of  the  limestone  must  be  used  to  furnish  the 
same  quantity  of  lime — roughly  about  twice  as  much — and  it  is 
still  uncertain  whether  these  proportions  will  afford  equivalent 
results.  It  does  not  appear  necessary  for  the  limestone  to  be 
very  finely  ground  and  it  is  probably  sufficient  for  it  to  pass 
through  a  12  or  14  mesh  in  which  case  much  of  the  product 
will  be  very  much  finer.  The  finer  portion  will  be  acted  upon 
comparatively  quickly  by  the  acids  in  the  soil  and  the  coarser 
portions  will  come  into  use  in  the  course  of  a  few  years. 
Assuming  that  the  crushed  limestone  proves  successful  and 
that  2  tons  are  required  per  acre  every  five  years  we  may  con- 
sider the  probable  demand.  Many  of  the  coffee  estates  require 
lime  and  some  have  purchased  burnt  lime  at  a  cost  of  Bs.  30 
per  ton  at  Birur.  If  the  lime  was  cheaper  much  more  would 
be  used.  There  are  100,000  acres  of  coffee  and  if  owners  of 
one-fourth  of  the  area  were  prepared  to  pay  for  lime  at  the 
rate  of  2  tons  of  limestone  per  acre  every  five  years  we  should 
have  a  demand  for  10,000  tons  of  crushed  limestone  per  year. 
The  demand  would  probably  tend  to  increase,  and  there  might 
be  a  considerable  demand  in  the  case  of  other  high  class  crops 
also,  so  that  we  might  expect  a  demand  of  10,000  tons  and 
upwards  for  crushed  limestone  which  would  be  a  considerable 
addition  to  the  lime  business  and  help  to  reduce  standing  charges 
in  quarrying,  crushing,  working  of  tramway,  etc.  If  we  allow 
Be.  1  for  quarrying,  Es.  2  for  crushing  and  Bs.  2  for  transport 
the  cost  at  Birur  would  be  Bs.  5  per  ton  and  its  value  should 
be  several  rupees  more  which  would  cover  other  charges,  profit, 
etc.  It  seems  probable  that  2  tons  of  the  crushed  limestone 
would  be  cheaper  than  1  ton  of  burnt  lime  and  considerably 
cheaper  than  any  form  of  lime  at  present  obtainable. 
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CONCLUSION. 

We  have  shown  that  large  quantities  of  fairly  good  lime* 
stone  and  dolomite  occur  in  the  neighbourhood  of  Voblapur  in 
the  Tumkur  District  not  far  from  the  railway. 

Hitherto  no  limestone  has  been  used  in  the  State  and  we 
have  suggested  various  lines  and  schemes  which  if  successful 
would  create  a  demand  for  some  20,000  or  more  tons  of  lime- 
stone per  annum  and  this  with  the  necessary  burning,  crush- 
ing and  other  treatment  suggests  the  possibility  of  an  industry 
on  a  sufficient  scale  to  pay  for  the  employment  of  the  necessary 
supervision  and  plant  on  up-to-date  lines  and  to  yield  a  fair 
margin  of  profit.  The  proposition  appears,  at  any  rate,  to 
warrant  expert  technical  investigation. 

CLAYS. 

Clays  may  be  described  as  earthy  materials  which  become 
plastic  when  wetted.  They  are  formed  by  the  alteration  or 
decomposition  of  rocks  and  consist  of  the  residual  products  of 
such  decomposition.  They  are  called  residtuil  clays  when  they 
remain  in  situ  on  or  in  the  rocks  from  which  they  have  been 
formed  and  transported  clays  when  formed  by  the  denudation 
and  removal  of  these  decomposition  products  by  water  and 
their  subsequent  deposition  in  sedimentary  or  alluvial  layers. 
In  some  cases  the  deposits  may  be  wind  borne. 

The  base  of  most  clays  consists  of  hydrous  silicates  of  alu- 
mina of  which  the  most  important  is  the  mineral  kaolinite. 
The  character  of  the  clay  depends  on  the  proportion  of  other 
ingredients  or  impurities  such  as  sand,  various  silicates  and 
oxide  of  iron.  There  are  few,  if  any,  noteworthy  deposits  of 
clay  in  Mysore,  but  common  clays  suitable  for  the  manufac- 
ture of  bricks  and  sometimes  tiles  are  widely  distributed  in 
the  flood  plains  along  the  river  courses  and  in  the  numerous 
tank  beds  situated  along  shallow  valleys.  These  deposits  are 
usually  very  mixed,  layers  of  plastic  clay  alternating  with  la- 
yers of  sand  and  loam,  and  extensive  beds  of  high  grade 
plastic  clay  are  rare. 
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Ordinary  bricks  can  be  made  almost  anywhere  and  the 
class  of  product  obtained  is  largely  a  question  of  the  selection 
and  treatment  of  the  clay  and  the  care  taken  in  moulding  and 
burning.  In  most  places  cheapness  is  the  great  consideration 
rather  than  finish  or  durability  and  it  is  doubtful  if  the  majority 
of  bricks  now  made  are  as  good  as  those  made  in  former  years 
and  certainly  not  as  good  as  the  old  hand-made  bricks  to  be 
found  in  old  forts  and  buildings. 

Ordinary  hand-made  bricks,  san-dried,  are  sold  for 
Bs.  1-8-0  to  Ks.  2  per  thousand.  If  burnt,  they  cost  from 
Bs.  4-8-0  to  Bs.  5  per  thousand. 

Very  good  pressed  bricks  can  be  made  at  about  Bs.  10 
per  thousand  and  the  development  of  this  class  of  work  might 
be  encouraged.  The  difficulty  is  to  persuade  people  to  pay 
the  extra  price  for  the  more  durable  article  when  the  common 
burnt  brick  is  available  and  serves  the  purpose  sufficiently  well 
for  the  time.  There  is  a  demand  for  higher  class  bricks  in 
the  larger  towns  and  wire  cut  bricks  are  supplied  by  the  Banga- 
lore City  Brick  &  Tile  Works  for  about  Bs.  18  per  thousand. 
Clays  suitable  for  tiles  are  found  in  many  places  and  are  used 
by  local  workers  for  the  production  of  flat  and  pot  tiles,  chat- 
ties, etc.  In  recent  years  there  has  been  an  increasing  demand 
for  tiles  of  the  '' Mangalore "  pattern  which  require  a  good 
deal  more  skill  and  plant  for  their  manufacture  and  in  which 
a  large  and  steady  output  would  appear  to  be  one  of  the  chief 
factors  for  success.  Works  for  making  this  class  of  tile  have 
been  put  up  at  Bangalore,  Mysore,  Saklespur,  Harrihalli, 
Sringeri  and  Sagar,  but  with  the  exception  of  the  first  they 
do  not  appear  to  have  met  with  much  success  and  are  reported 
to  require  remodelling  on  more  modem  lines.  A  new  factory 
is  stated  to  be  in  course  of  erection  at  Tirthahalli  in  which 
the  kilns  and  plant  will  be  of  an  up-to-date  type  and  if  com- 
mercially successful  others  may  follow. 

KAOLIN. 

Kaolin  or  China-clay  is  a  name  applied  to  white-burning. 
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slightly  plastic,  clays  of  a  very  6nely  pulverulent  texture,  which 
are  generally  considered  to  be  largely  composed  of  the  mineral 
Kaolinite — a  hydrous  silicate  of  alumina. 

It  is  most  usually  derived  from  the  decomposition  of  the 
felspars  of  granites  and  pegmatites  and  is  found  as  part  of  the 
decomposed  rock  mass  in  admixture  with  quartz,  mica  and 
other  silicates  which  have  not  been  decomposed  or  removed. 
For  this  reason,  it  is  necessary  to  wash  the  decomposed  mass 
so  as  to  separate  the  very  fine  kaolin  from  the  coarser  mineral 
grains  and  the  term  kaolin  is  usually  restricted  to  the  fine 
white  clay  so  prepared.  More  rarely  white  clays  and  litho- 
marges  are  found  in  beds  or  masses  in  a  sufficiently  fine  or 
pure  state  to  be  dug  out  and  used  for  pottery  work  and  these 
are  sometimes  included  in  the  term  kaolin.  The  decomposi- 
tion of  the  felspars  and  the  production  of  kaolin  is  a  wide- 
spread result  of  weathering  in  which  water  and  carbonic  acid 
play  the  most  important  parts.  In  order  that  a  deposit  of 
kaolinized  material  should  be  formed,  it  is  necessary  not  only 
that  the  rock  should  be  very  highly  decomposed  but  that  the 
soft  decomposed  material  should  be  protected  from  denudation. 
In  Mysore  we  have  cases  of  highly  decomposed  pegmatite 
veins  containing  kaolin  and  protected  from  denudation  by  the 
harder  enclosing  gneiss  or  granite  and  there  are  many  cases 
of  such  veins  or  of  white  bands  of  the  granite  or  gneiss  which 
are  highly  decomposed  and  protected  by  an  overlying  layer  of 
laterite  or  hard  laterite  soil. 

The  depth  to  which  the  kaolinized  material  may  be  ex- 
pected to  extend  is  determined  by  the  depth  of  extreme 
decomposition  and  will  average  to  some  80  to  50  feet  from 
surface.  Below  this  point  the  rock  begins  to  get  harder  and 
much  of  the  felspar  is  undecomposed  so  that  the  amount  of 
kaolin  obtainable  on  washing  will  diminish  rapidly  and  the 
resulting  product  will  probably  be  less  fine  and  soft. 

In  the  great  kaolin  areas  of  Cornwall  in  England  the 
conditions  are  very  different.  There,  large  masses  of  white 
decomposed  granite  are  found  in  which  intense  decomposition 
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^^^l^nds  downwards  for  some  hundreds  of  feet  with  the  pro- 
diK'lion  of  exce{HionmIly  fine  white  kmolin  thronghoat  the 
nMi$s<  Thi^^^  decompoeed  masses  are  often  of  considerable 
lateral  extent  and  individnal  pits  have  an  area  of  many  acres. 
Manv  anthi^ities  consider  that  kaolinixation  in  Cornwall  is 
due  to  the  action  of  deep  seated  igneous  vapours  and  is  not 
doe  prtmanlv  to  mere  surface  weathering  so  that  in  mode  of 
origin  as  ^vll  as  in  extent  and  purity  the  kaolin  deposits  of 
Cornwall  are  verv  different  from  those  of  Mvsore. 

Kaolinized  granite  and  gneiss  occurs  abundantly  in  seT»al 

parts  of  Mysore  beneath  the  laterite  cape 
and  the  stiff  laterite  scmIs  deriTod  from 
them  or  fnuu  various  more  or  less  lateritic  materials  These 
massesii  are  very  variable  in  colour  and  are  usually  yellow,  pink 
iY  ivd  and  it  i$  onlv  rarelv  that  bands  or  veins  are  found  which 
are  sufficiently  white  to  yield  anything  which  could  be  daased 
a^  kaohn.  The  whiter  bands  and  veins  so  far  disoovued  are 
i>f  siu;Ui  lateral  extent  and  frvHu  what  has  alreadv  been  said 
they  cannot  have  any  considerable  esctension  in  depih.  Some 
i^  the^e  mi^ht  vield  from  a  few  hundred  to  a  few  thousand 
t<Mis  i>f  kai^Un«  but  iKMie  of  them  would  appear  to  be  sufficiently 
extensive  to  justify  the  erection  of  an  up-to-date  wadiing  plant 
iH^  the  |vrovisK«i  of  any  s{)ecial  transport  facilities  to  a  railway, 
and  in  nnxi^  cas^>s  they  are  tar  removed  from  existing  lines. 

Samples  of  kaolin  have  been  obtained  from  the  following 
Kvahiit^  ami  remarks  are  added  as  to  their  characters. 

.V)i$(.>nr  DUtriK-K — On  the  Melkole  hill  there  are  two  or 
three  small  depoisuts^  of  decvHuposed  gneiss  froai  whidi  stacks 
i^  ka^^in  are  prepared  for  making  caste-marks.  Tlie  material 
ccAtains  frv^n  UH  to  14  per  cent  of  levigated  kaolin  wiiidi  is 
fairly  white*  but  bums  buff  <x4our. 

£«i«««;aK^rr  Di^:ru^t  —X%  GolhaUi  the  decomposed  gncieg 
in  a  nulla  contaii^  some  decomposed  pegmatite  veins  from 
which  ^o  to  IX^  i^r  cent  of  white  kaolin  can  be  obtained  which 
burns  white.  The  quality  is  said  to  be  good«  but  the  qmiitity 
knot  large— probably  inside  of  1.000  tons.    Outcropping 
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are  contaminated  with  iron,  bat  a  good  vein,  a  few  feet  thick, 
was  found  at  a  depth  of  15  feet.  Mining  of  any  considerable 
quantity  would  be  difficult  owing  to  the  tendency  for  pits  and 
shafts  to  close  up  during  the  rains. 

Near  Hindiganal  in  the  Hoskote  Taluk  kaolin  occurs  in 
decomposed  gneiss  beneath  the  laterite.  Most  of  it  is  slightly 
yellow  or  pink  and  is  not  favourably  reported  on. 

Kadur  District — Samples  of  fairly  white  kaolin  have 
been  obtained  from  a  number  of  plaices,  but  on  further  exami- 
nation the  quantities  available  were  found  to  be  too  small  to 
be  worth  further  attention.  In  the  following  three  places 
somewhat  larger  quantities  occur : — 

At  Asgod  in  the  Eoppa  Taluk  there  is  a  considerable 
quantity  of  decomposed  gneiss  beneath  a  few  feet  of  soil  from 
which  possibly  a  couple  of  thousand  tons  of  kaolin  could  be 
extracted.  The  colour  is  however  distinctly  yellowish  and 
this  will  probably  debar  its  use  for  most  purposes. 

At  Kokkod  in  the  same  taluk  a  deposit  has  been  found 
which  yields  about  22  per  cent  of  white  kaolin.  The  quality 
seems  fairly  good  and  if  wanted  it  is  probable  that  one  or  two 
thousand  tons  might  be  obtained  and  possibly  more  in  the 
neighbourhood . 

At  Kikri  in  the  Sringeri  Jaghir  a  pegmatite  vein,  about 
12  feet  wide  and  a  furlong  or  more  in  length,  yielded  some 
23  per  cent  of  white  kaolin  which  however  contains  a  good 
deal  of  fine  mica  which  is  difficult  to  separate  by  levigation 
in  tubs.  Probably  one  or  two  thousand  tons  could  be 
obtained. 

Chitaldrug  District. — Some  occurrences  of  greyish  white 
to  purple  materials  have  been  noted  near  Bhimasandra  and 
Marikanave,  which  might  be  classed  as  lithomarge,  and 
would  probably  not  be  valued  as  kaolin  on  account  of  bad 
colour. 

It  will  be  seen  that  in  no  case  has  anything  of  the 
nature  of  a  large  deposit  been  found  which  would  justify  the 
erection  of  a  modem  plant  or  one  in  which  working  expenses 
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would  be  low.  Several  tons  of  material  have  been  excavated 
departmentally  and  levigated  in  tube  and  a  number  of  bags 
of  prepared  kaolin. have  been  sent  to  Bombay  to  ascertain 
values. 

A  large  amount  of  English  kaolin  is  used  in  Bombay  for 
cotton  sizing  aqd  is  valued  at  some  Bs.  50  per  ton  in  normal 
times.  Local  supplies  of  kaolin  are  now  being  sold  in  Bombay 
at  this  figm:e»  or  over,  owing  to  war  freights,  but  it  is  reported 
that  they  found  a  market  with  difficulty  before  the  war. 

Under  these  circumstances,  it  is  doubtful  if  supplies  could 
be  sent  from  Mysore  to  Bombay  at  a  profit  in  view  of  their 
distance  from  a  railway  and  the  long  railway  lead  to  Bombay. 
Enquiries  are  being  made  on  these  points. 

Some  time  af2[o  it  was  suggested  that  a  porcelain  factory 
should  be  started  in  the  State  and  doubtless  our  small  deposits 
of  kaolin  would  prove  useful  for  some  classes  of  porcelain  <Hr 
pottery  ware.  It  must  be  remembered  however  that  for  the 
manufacture  of  such  wares  many  other  ingredients  are  re- 
quired besides  kaolin  and  Mr.  Fern  of  the  School  of  Arts, 
Bombay,  has  reported  that  it  would  not  be  possible  to  manu- 
facture white  earthenware  or  soft  paste  porcelain  owing  to 
the  absence  of  plastic  or  ball  clays  which  burn  white.  He 
states  that  hard  paste  porcelain  might  be  made  but  that  highly 
skilled  labour  is  required.  A  valuable  account  of  the  occur* 
rence,  mining  and  preparation  of  Kaolin  will  be  found  in  ''  A 
handbook  to  the  collection  of  kaolin,  China  clay  and  Chim 
stone  in  the  Museum  of  Practical  Geology,  Jermyn  St., 
London,  S.  W.*'  by  J.  Allen  Howe,  B.Sc..,  p.g.s. 

FELSPAB. 

Felspar  is  used  in  the  pottery  industry  for  the  manufac* 
ture  of  certain  varieties  of  porcelain  and  for  the  preparation  of 
glazes.  So  far  there  has  been  no  demand  for  it  in  Mysore 
but,  if  required,  it  could  be  obtained  in  many  places  from  the 
coarser  grained  pegmatites  in  which  the  crystals  are  suffici- 
ently large  to  permit  of  being  hand  picked  from  the  associated 
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quartz.  Both  white  and  pink  felspars  occur,  most  of  which 
are  soda  felspars,  but  some  potash  felspars  (orthoclase  and 
microcline)  have  also  been  noted.  Little  attention  has  been 
paid  to  the  mineral  owing  to  the  absence  of  any  demand  for  it. 
A  number  of  samples  have  been  collected  from  time  to 
time  and  some  from  the  mica  pits  near  Vadesamudra  have  been 
reported  to  be  suitable  for  glazes  and  other  pottery  purposes. 

BUILDING   AND   ORNAMENTAL   STONES. 

Many  parts  of  the  State  are  well  supplied  with  building 
stones  which  can  be  obtained  from  the  surface  exposures  of 
granite  and  gneiss  many  of  which  are  remarkably  fresh. 

The  gneiss,  some  of  which  is  highly  streaked  or  banded 
and  some  of  which  is  a  fine  uniform  grey  granite,  is  usually 
quarried  by  fire-splitting,  whereby  successive  layers  of  a  few 
inches  in  thickness  are  separated  from  the  mass  below  by  the 
action  of  a  fire  built  on  the  surface  and  slowly  moved  across  it. 

The  loosened  layers  are  split  into  slabs  2  feet  wide  and 
10  to  15  feet  long  by  wedging.  The  slabs  may  run  ap  to  6 
or  8  inches  in  thickness  and  thicker  blocks  are  obtained  by  the 
blasting  and  wedging  of  thicker  layers  separated  by  natural 
joint  planes. 

A  number  of  red  granites  or  grey  granites  with  reddish 
felspars  occur  in  several  places  and  are  used  locally.  Amongst 
these  may  be  mentioned  the  granites  of  the  Closepet  range, 
the  Arsikere  and  Banavar  massifs  and  that  of  Chamundi. 

The  potstones  of  the  Hassan  and  Mysore  Districts  have 
been  largely  used  in  old  temples  especially  where  intricate 
carving  is  required. 

The  Turuvekere  trap,  a  dark  and  rather  soft  amphibolite 
passing  in  places  into  potstone,  has  been  used  in  several  cases 
for  ornamental  work  and  takes  a  fine  black  polish. 

A  varied  series  of  porphyry  and  felsite  dykes  occur  in  the 
Seringapatam,  Mandya  and  Mysore  taluks  of  which  a  number 
have  been  used  as  ornamental  stones  in  the  new  Palace  at 
Mysore. 
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A  green  qaartzite  or  gneiss  containing  the  chromiam 
mica  fuehnte  occurs  in  several  places  and  has  been  used  some- 
times for  inlaid  work.  The  best  variety  comes  from  Belvadi 
in  the  Kadur  District. 

The  more  ornamental  stones  are,  however,  rarely  used 
owing  to  their  greater  cost  and  difficulty  of  extraction  in  com- 
parison with  the  commoner  forms  of  grey  granite  and  gneiss. 
Suggestions  have  been  put  forward  from  time  to  time  for  the 
quarrying  and  dressing  of  some  of  these  with  a  view  to  export, 
but  no  practical  scheme  of  a  profitable  aspect  has  yet  been  put 
forward. 

A  description  of  many  of  the  porphyry  and  felsite  dykes 
will  be  found  in  the  Appendix  to  Vol.  VII  of  the  Records  of 
the  Department  and  a  large  variety  of  polished  samples  of  the 
principal  building  stones  of  the  State  can  he  seen  in  the 
museum  of  the  Department  of  Mines  and  Geology,  Bangalore, 
and  information  obtained  as  to  their  location,  mode  of  occur- 
rence, etc. 
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IV*    Rare  minerals* 

A  few  minerals  containing  some  of  the  rarer  elements 
have  been  found  in  Mysore  and  thoagh  they  are  too  scarce  to 
be  of  economic  importance  they  may  be  referred  to  briefly,  in 
view  of  the  fact  that  they  are  often  the  subject  of  attention 
and  enquiry. 

Monazite  occurs  sparingly  in  crystals  or  grains  in  certain 

gneisses  and  pegmatites.  The  mineral 
IS  yellow  to  red  m  colour  and  is  essenti- 
ally a  phosphate  containing  cerium  and  thorium  and  other 
rare  metals.  Its  value  depends  chiefly  on  the  amount  of 
thorium  present,  the  oxide  of  which  is  used  in  the  preparation 
of  incandescent  gas  mantles. 

In  the  sands  derived  from  these  rocks  it  may  become 
more  abundant  and  where  these  sands  are  subjected  to  the 
sorting  action  of  waves  on  the  sea-shore  the  degree  of  concen- 
tration may  become  considerable  and  valuable  deposits  may  be 
formed,  such  as  those  discovered  in  recent  years  on  the  Tra- 
vancore  coast. 

In  Mysore,  there  has  been  little  concentration  and  no 
deposits  of  any  value  have  been  found. 

A  few  handfuls  of  monazite  crystals  have  been  obtained 
from  decomposed  pegmatite  near  the  5th  mile  on  the 
Bangalore-Kankanhalli  road.  The  quantity  available  is 
small  and  the  amount  of  thoria  in  the  mineral  is  only 
some  2^%  which  compares  very  unfavourably  with  the 
monazite  from  Travancore,  which  is  reported  to  contain  from 
6  to  10%. 

On  the  west  side  of  Eolar  schists — near  the  Bowringpet 
Boad — Mr.  Louis  Stromeyer  found  a  number  of  pieces  of  a 
quartzose  gneiss  containing  specks  of  a  reddish  mineral  which 
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on  being  tested  proved  to  be  inonazite  or  some  allied  minend. 
No  notable  quantity  of  either  the  rock  or  mineral  has  however 
been  located. 

Some  licenses  have  been  taken  out  in  the  Kador  and 
Hassan  Districts  and  a  large  number  of  washings  made  of  the 
stream  sands  some  of  which  were  stated  to  contain  thorium. 
No  analyses  have  been  furnished,  but  a  large  number  <^  the 
concentrates  from  the  sands,  which  were  examined,  failed  to 
show  any  appreciable  quantity  of  monazite. 

A  large  number  of  river  washings  have  been  made  from 
time  to  time  by  officers  of  the  Department — chiefly  in  the 
neighbourhood  of  the  chamockites  of  the  Mysore  District — 
and  occasionally  a  few  grains  of  monazite  have  been  detected, 
but  nothing  of  any  particular  value. 

A  number  of  small  pieces  and  plates  of  what  ai^>ears  to 
_^  be  Samarskite  were  found  associated  with 

the  monazite  in  the  decomposed  pegma- 
tite near  Bangalore. 

Cr}*stals  and  lumps  of  columbite  are  sometimes  found  in 

the  pegmatites  of  Mysore  especially  in 
the  mica  pits.  The  mineral  is  nearly 
black  with  sub-metallic  lustre  and  is  composed  of  niobate  and 
tantalate  of  iron  and  manganese. 

Several  hundred  pounds  were  collected  by  licensees  from 
pits  near  Yelwal  and  Tagadur  in  the  Mysore  District  and 
reported  as  tantalite.  The  distinction  between  tantalite  and 
columbite  depends  on  the  proportion  of  tantalic  acid  present 
and  a  sample  from  Tagadur  was  found  to  contain  only  1*14%. 
It  therefore  belongs  to  the  variety  colnmlNte  and  is  of  no 
value. 

Crystals  of  pale-green  beryl  have  been  found  in  a  qfuartz 

vein  near  the  Eempambudi  Tank,  Ban- 
galore, and  some  crystals  of  a  yellowish 
colour  in  a  cutting  on  the  road  leading  to  Melkote  in  a  peg* 
matite.  In  both  cases  the  mineral  is  much  fissured  and  pocn: 
in  colour  and  has  no  value  as  a  gem  stone. 
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Graphite,  one  of  the  crystallised  forms  of  carbon,  though 

not  a  rare  mineral,  may  be  included  here 
as  it  occurs  only  in  very  limited  quanti- 
ties. It  has  been  found  in  several  places  but  nowhere  in 
sufficient  abundance  to  be  of  commercial  value.  It  occurs 
occasionally  in  gneiss  and  particularly  in  some  of  the  gneisses 
of  the  Mysore  District.  Near  Bangalore  it  has  been  found  as 
micaceous  looking  spangles  in  a  white  quartzite  or  fine  grained 
quartz  vein  in  gneiss.  A  concentration  test  of  this  showed 
about  i%  of  graphite  in  the  rock.  It  occurs  associated  with 
some  of  the  auriferous  quartz  of  the  Eolar  Field  in  some  work- 
ings from  Trial  shaft,  Nundydrug,  on  what  is  supposed  to  be 
a  continuation  of  the  Oriental  Lode.  In  this  case  the  selvage 
edges  of  the  vein  and  some  of  the  joints  or  cracks  along  which 
movement  has  taken  place  are  freely  coated  with  graphite. 
To  the  north  of  the  Kolar  Field  some  fine  grained  graphite 
schist  occurs  near  the  old  working  at  Manighatta  and  some- 
what similar  material  has  been  found  in  the  Chitaldrug 
schists  and  amongst  the  chloiitic  and  hornblendic  schists  on 
the  scarp  of  the  Bababudans  near  Hoskan.  In  the  last  instance, 
the  schists  appears  to  consist  of  fine  grained  chlorite  or  talc 
with  finely  divided  quartz  and  iron  ore,  the  whole  being  pene- 
trated by  short  lenses  and  veins  of  white  quartz  on  the  edges 
of  which  the  graphite  is  somewhat  concentrated.  As  the 
schist  was  quite  black  and  marked  paper  readily,  an  attempt 
was  made  to  separate  the  graphite  which  is  in  the  form  of 
very  fine  dust  or  particles.  By  levigation  an  impalpable 
powder  was  obtained  containing  practically  all  the  graphite 
which  was  present  to  the  extent  of  6^%.  The  amount  of 
graphite  in  the  rock  as  a  whole  would  be  about  3%.  The 
levigated  powder  is  so  fine  that  it  would  probably  be  impossi- 
ble to  further  concentrate  the  graphite  from  it  and  the 
powder  itself  does  not  appear  to  be  of  any  use  or  value  except 
possibly  as  a  dark  pigment. 
Bangalore, 
89th  May  1916. 
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6 


Ki-- 


Year  1910-11, — Notes  on  Air-blasts  and  Quakes. 
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Notes  on  the  Geology  of  the  Eolar  Schists  and  Surrounding  Bocks  with 
.   2  maps. 

By  W.  P.  Smeeth,  M.A.,  D.Sc,  (1900).     Price  One  Rupee. 

Notes  on   Underground   Water  Resources  in    Mysore    with  Statistical 
Tables. 

By  W.  F.  Smeeth,  M.A.,  D.Sc,  (1911).     Price  Two  Rupees. 

Geological  Map  of  Mysore.     Scale  8  miles  to  an  inch. 

Compiled  from  the  Records  of  the  Department  under  the  direction 
of  W.  F.  Smeeth,  D.Sc.,  A.R.S.M.,  Director.  (1915).  Price  Three 
Rupees. 
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